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(54) THREE-DIMENSIONAL IMAGE DISPLAY 

(57) The present invention provides a three-dimen- 
sional image display capable of presenting stereoscopic 
display in a true sense not only for a still image but also 
for a dynamic image without any need for a dedicated 
eyeglass or coherent light. 

A multiplicity of screen dots (11) formed by LCDs 
which allows simple changes of the contents of an 



image are arranged on a three-dimensional display 
screen (1 0), and object images formed by the LCDs are 
projected in a space to form a multiplicity of point light 
source images (P) that form a three-dimensional image 
(R) to be displayed. A viewer (Q) can view the same as 
a stereoscopic image. 
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Description 

TECHNICAL FIELD 

s [0001] The present invention relates to a three-dimensional image display capable of displaying a stereoscopic 
image in a space. 

BACKGROUND ART 

to [0002] Various proposals have recently been made on techniques for displaying a stereoscopic image as a result 
of the progress of optical technologies. One of such techniques is two-glass type three-dimensional viewers such as 
IMAX THEATER (trademark) capable of presenting stereoscopic display to a user who wears dedicated eyeglasses to 
see an image formed by an image for the left eye and an image for the right eye in an overlapping relationship. This 
apparatus can present stereoscopic display in the form of a stereogram utilizing parallax between left and right eyes. 

15 [0003] Stereoscopic display is also performed with holography utilizing coherent light from a laser or the like. This 
technique is to display a stereoscopic image by forming a hologram on a dry plate or the like using object light and ref- 
erence light in advance and by irradiating the hologram with the original reference light to obtain reproduction light. 
[0004] Further, there are lens plate three-dimensional image display techniques represented by the so-called IP 
(integral photography) method. There is a proposal made by Lippmann in which a photographic dry plate is provided on 

20 a focal surface of a lens plate called "fly-eye lens" constituted by a multiplicity of small convex lenses; object light is 
exposed through the lens plate to record a multiplicity of small object images on the photographic dry plate; and the 
photographic dry plate is thereafter developed, placed in exactly the same position as its initial position and irradiated 
with light on the back surface thereof. 

[0005] Among the above techniques, the above-described stereoscopic viewers are inconvenient for a viewer 

25 because he or she must wear dedicated eyeglasses and are not suitable for observation for a long time because they 
present unnatural images which are likely to give fatigue. In order to solve this problem, stereoscopic televisions have 
recently been proposed which do not require any dedicated eyeglasses. However, techniques for stereoscopic views of 
this type only present pseudo-stereoscopic display utilizing parallax between left and right eyes and do not allow three- 
dimensional display in a true sense. Therefore, although an image can be represented with a stereoscopic sense in the 

30 horizontal direction of a screen, it can not be represented with a stereoscopic sense in the vertical direction and, for 
example, can not be viewed by a person who is lying down. Further, since those are techniques utilizing parallax, a 
change of a view point only results in a view of the same image with a stereographic sense (a sense of depth), and a 
side of an object will not appear even if the viewer moves the head to look at the object from left and right sides thereof. 
[0006] The above-described technique for presenting stereoscopic display utilizing holography involves a large 

35 scale apparatus at a high manufacturing cost because of the requirement for coherent light from a laser or the like and 
also results in a reduction of image quality attributable to speckle interference patterns which are characteristic of 
lasers. Further, holography is suitable for still images but unsuitable for three-dimensional, display of dynamic images 
because it presents stereoscopic display of an object utilizing a hologram formed on a photographic dry plate in 
advance. This equally applies to the above-described IP method in that it is unsuitable for dynamic images because it 

40 involves a step of recording a multiplicity of small object images on a photographic dry plate in advance. 

[0007] As described above, it has been difficult to provide televisions and very large displays installed in the street, 
stadiums or the like capable of presenting stereoscopic dynamic images in a true sense. 

DISCLOSURE OF THE INVENTION 

45 

[0008] The present invention has been made taking such problems into consideration, and it is an object of the 
invention to provide a three-dimensional image display capable of presenting stereoscopic display in a true sense not 
only for a still image but also for a dynamic image without any need for a dedicated eyeglass or coherent light. 
[0009] A three-dimensional image display according to a first aspect of the invention has: two-dimensional image 
so forming means formed by arranging a plurality of pixels, capable of forming a two-dimensional image by driving each of 
the pixels; and three-dimensional image forming means for forming a three-dimensional image in a space based on the 
two-dimensional image formed by the two-dimensional image forming means. 

[0010] In this three-dimensional image display, a three-dimensional image is formed in a space by the three-dimen- 
sional image forming means based on a two-dimensional image formed by driving the plurality of pixels of the two- 
55 dimensional image forming means. 

[0011] A three-dimensional image display in a first mode according to the first aspect of the invention has a config- 
uration wherein the two-dimensional image forming means includes a plurality of two-dimensional image forming ele- 
ments each of which is formed by arranging a plurality of pixels and is capable of forming a two-dimensional image, and 



2 



EP 1 069 454 A1 



wherein the three-dimensional image forming means includes: a light diffusing element provided in a face-to-face rela- 
tionship with each of the plurality of two-dimensional image forming elements, the light diffusing element allowing light 
which has exited the respective two-dimensional image forming elements and has impinged thereupon to exit to the 
space in a diffused state; and display control means for controlling the two-dimensional image forming elements such 
5 that the light which has exited the light diffusing elements forms a multiplicity of point light source images that form a 
three-dimensional image in the space. 

[0012] In the three-dimensional image display in the first mode, light which has entered the light diffusing elements 
from the respective two-dimensional image display elements exits to the space in a diffused state. The multiplicity of 
point light source images that form a three-dimensional image to be displayed are formed by those beams of exit light. 

to [0013] In the three-dimensional image display in the first mode, the display control means may control the display 
operation of the two-dimensional image forming elements by supplying data of two-dimensional images two-dimension- 
ally representing a three-dimensional image to be displayed as a whole or in part from view points different from each 
other to the respective two-dimensional image forming elements, thereby forming the multiplicity of point light source 
images in the space with the light which has exited the light diffusing elements. 

w [0014] In the three-dimensional image display in the first mode, the light diffusing element may be formed with a 
converging portion capable of converging incident light at one point and a planer exit surface located at the converging 
point defined by the converging portion. An entrance surface of the converging portion of the light diffusing element may 
include an aspherical surface having a convex configuration on the entrance side thereof or a spherical surface whose 
center of curvature is located at the converging point. Alternatively, 

20 the converging portion of the light diffusing element may include a Fresnel lens. The converging portion of the light dif- 
fusing element may have a configuration in which it converges light with an interference fringe formed on the entrance 
surface thereof. In the three-dimensional image display in the first mode, the light diffusing element may be formed as 
a plate-like body orfilm with an interference fringe in a predetermined pattern formed thereon and may be provided with 
a function of converging incident light at one point or diverging incident light as if it were diffused from one point. 

25 [0015] In a three-dimensional image display in a second mode according to first aspect of the invention, the two- 
dimensional image forming means includes: a plurality of two-dimensional image forming elements each of which is 
formed by arranging a plurality of pixels and is capable of forming a two-dimensional image, and the three-dimensional 
image forming means includes: a microscopic opening provided in a face-to-face relationship with each of the plurality 
of two-dimensional image forming elements, the microscopic opening allowing light which has exited the respective 

30 two-dimensional image forming elements and has impinged thereupon to pass through as it is; and display control 
means for controlling the two-dimensional image forming elements such that the light which has exited the microscopic 
opening forms a multiplicity of point light source images that form a three-dimensional image in the space. 
[0016] In the three-dimensional image display in the second mode, light which has exited the two-dimensional 
image forming elements exits to the space through the respective microscopic opening. The multiplicity of point light 

35 source images that form a three-dimensional image to be displayed are formed in the space by those beams of exit 
light. 

[0017] In the three-dimensional image display in the second mode, the display control means may control the two- 
dimensional image forming elements by supplying data of two-dimensional images two-dimensionally representing a 
three-dimensional image to be displayed as a whole or in part from view points different from each other to the respec- 
40 tive two-dimensional image forming elements, thereby forming the multiplicity of point light source images in the space 
with the light which has exited the microscopic opening. 

[0018] A three-dimensional image display in a third mode according to the first aspect of the invention has a con- 
figuration wherein the two-dimensional image forming means includes: a two-dimensional image forming panel formed 
by arranging a plurality of pixels, capable of forming a two-dimensional image by driving each of the pixels, and wherein 

45 the three-dimensional image forming means includes: an optically opening/closing cell array formed by arranging a plu- 
rality of optically opening/closing cells, the optically opening/closing cell array being provided in a face-to-face relation- 
ship with the two dimensional image forming panel and allowing light which has exited the pixels of the two-dimensional 
image forming panel and has impinged thereupon to pass through as it is or blocking the same; optically opening/clos- 
ing cell control means for scanning the optically opening/closing cell array to control the optically opening/closing cells 

50 such that they sequentially enter an open state; and display control means for controlling the two-dimensional image 
forming panel such that an image forming range of the two-dimensional image forming panel is sequentially shifted in 
synchronism with the scan of the optically opening/closing cell array by the optically opening/closing cell control means 
and such that light which has exited pixels in the image forming range and has passed through the optically open- 
ing/closing cells in the open state of the optically opening/closing cell array forms a multiplicity of point light source 

55 images that form a three-dimensional image in the space. 

[0019] In the three-dimensional image display in the third mode, the optically opening/closing cell array is scanned 
and controlled such that the optically opening/closing cells sequentially enter the open state, and control is performed 
such that the image forming range of the two-dimensional image forming panel is sequentially shifted in synchronism 
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with the scan. The multiplicity of point light source images that form a three-dimensional image to be displayed are 
formed in the space by light which has exited the pixels in the sequentially shifted image display range and which has 
passed through the optically opening/closing cells in the open state of the optically opening/closing cell array. 
[0020] In the three-dimensional image display in the third mode, the display control means may control the two- 

s dimensional image forming panel by supplying data of two-dimensional images two-dimensionally representing a three- 
dimensional image to be displayed as a whole or in part from view points different from each other to the respective pix- 
els in the image forming range of the two-dimensional image forming panel, thereby forming the multiplicity of point light 
source images in the space with the light which has passed through the optically opening/closing cells in the open state. 
[0021 ] The three-dimensional image display in the third mode may have a configuration wherein a plurality of basic 

to units including a pair of the two-dimensional image forming panel and the optically opening/closing cell array are 
arranged and wherein the optically opening/closing cell control means is provided for the optically opening/closing cell 
array of each of the basic units, the optically opening/closing cell control means controlling scan of the optically open- 
ing/closing cell array such that the optically opening/closing cells of the optically opening/closing cell arrays in positions 
associated with each other enter the open state in synchronism with each other, the display control means controlling 

15 the two-dimensional image forming panel such that the image forming ranges of the two-dimensional image forming 
panels of the plurality of basic units are shifted in synchronism with the scan of the optically opening/closing cell array 
by the optically opening/closing cell, control means and such that light which has exited pixels in the image forming 
ranges and has passed through the optically opening/closing cells in the open state of the optically opening cell arrays 
associated with each other forms a multiplicity of point light source images that form a three-dimensional image in the 

20 space. 

[0022] In this three-dimensional image display, a plurality basic units having the two-dimensional image forming 
panel and optically opening/closing cell array are arranged. The optically opening/closing cell arrays of the plurality of 
basic units are scanned in parallel to perform control such that the optically opening/closing cells in positions associated 
with each other enter the open state in synchronism with each other. Control is performed such that the image forming 

25 ranges of the two-dimensional image forming panels of the plurality of basic units are shifted in parallel (simultaneously) 
in synchronism with the parallel scan of the plurality of optically opening/closing cell arrays. Light which has exited the 
pixels in the image forming ranges passes through the optically opening/closing cells in the open state of the respective 
optically opening/closing cell arrays, and the multiplicity of point light source images that form a three-dimensional 
image to be displayed are formed in the space by those beams of transmitted light. 

30 [0023] In this three-dimensional image display, the display control means may control the two-dimensional image 
forming panel by supplying data of two-dimensional images two-dimensionally representing a three-dimensional image 
to be displayed as a whole or in part from view points different from each other to the respective pixels in the image 
forming ranges of the two-dimensional image forming panels of the plurality of basic units, thereby forming the multiplic- 
ity of point light source images in the space with the light which has passed through the optically opening/closing cells 

35 in the open state. 

[0024] Athree-dimensional image display in a fourth mode according to the first aspect has a configuration wherein 
the two-dimensional image forming means includes image formation control means for controlling an image forming 
operation such that a two-dimensional image formed thereby changes with time, and wherein the three-dimensional 
image forming means includes deflecting means for deflecting the projecting direction of the two-dimensional image 
40 such that the projecting direction of the two-dimensional image formed by the two-dimensional image forming means 
changes in accordance with time-dependent changes of the two-dimensional image. 

[0025] In the three-dimensional image display in the fourth mode, the projecting direction of the two-dimensional 
image changing with time formed by the two-dimensional image forming means is deflected such that the projecting 
direction changes in accordance with the time-dependent changes of the two-dimensional image. As a result, after- 
45 images of the two-dimensional image projected in various directions provide a view of a three-dimensional image in the 
space. 

[0026] In the three-dimensional image display in the fourth mode, the deflecting means may include a transmission 
direction variable type liquid crystal element in which liquid crystal molecules are aligned in the direction of an electric 
field to achieve a function of allowing light to be transmitted only in the direction of the electric field. 

50 [0027] The three-dimensional image display may further have diffusing means for diffusing the projecting direction 
of a two-dimensional image in a direction which is different from the direction of deflection by the deflecting means. In 
the three-dimensional image display, the image formation control means may control the image forming operation such 
that the magnification of a two-dimensional image in the deflecting direction thereof in accordance with the projecting 
direction of the two-dimensional image deflected by the deflecting means. 

55 [0028] In the three-dimensional image display in the fourth mode, the two-dimensional image forming means may 
further include: receiving means for receiving encoded two-dimensional image data; and decoding means for decoding 
the two-dimensional image data received by the receiving means. When the deflecting means periodically performs the 
operation of deflecting the projecting direction of a two-dimensional image, the encoded two-dimensional encoded data 
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received by the receiving means may include: first compressed image data provided in a position in timing in synchro- 
nism with the period of the deflecting operation of the deflecting means and obtained by compressing and encoding 
two-dimensional still image data independently; and second compressed encoded data provided in a position adjacent 
to the first compressed encoded data and constituted by differential data representing the difference from the first com- 
5 pressed encoded data. 

[0029] In the three-dimensional image display in the fourth mode, the image formation control means may be ena- 
bled to form a two-dimensional image in halftones by performing at least either pixel driving control on a time division 
basis or pixel driving control on a spatial basis. The deflecting means may deflect the projecting direction of light which 
is being transmitted thereby. Further, the deflecting means may deflect the projecting direction of incident light when it 
to reflects the same. The deflecting means may be formed by arranging a plurality of rotatably disposed prisms or reflect- 
ing mirrors. 

[0030] In the three-dimensional image display in the fourth mode, the deflecting means may be formed utilizing a 
hologram which can deflect incident light in a direction associated with the position of incidence. In this case, the 
deflecting means may sequentially deflect incident light by shifting the hologram in directions different from the direction 
w of incidence of the light. The deflecting means may include a plurality of sets of the holograms which are regularly 
arranged. 

[0031] In the three-dimensional image display in the fourth mode, the hologram may be formed on a plate-like mem- 
ber. In this case, the deflecting means may sequentially deflect incident light by reciprocating the plate-like member in 
a direction different from the direction of incidence of the light. 
20 [0032] In the three-dimensional image display in the fourth mode, the hologram is formed on a film-like member. In 
this case, the deflecting means may sequentially deflect incident light by shifting the film-like member in one direction 
different from the direction of incidence of the light. 

[0033] In the three-dimensional image display in the fourth mode, the hologram may be formed on a predetermined 
curved surface. For example, the curved surface may be a cylindrical surface. 
25 [0034] In the three-dimensional image display in the fourth mode, the deflecting means may be formed using a light 
transmitting member whose thickness is locally changed in accordance with a signal voltage applied thereto to produce 
irregularities on the surface thereof. 

[0035] In the three-dimensional image display in the fourth mode, the deflecting means may deflect the projecting 
direction of a two-dimensional image by deflecting light before it is subjected to image formation by the two-dimensional 

30 image forming means. In this case, the deflecting means may include a rotary reflecting body or refracting body. The 
deflecting means may include a light source which reciprocates and an optical system for guiding light emitted by the 
light source to the two-dimensional image forming means. The deflecting means may include a light source which can 
change the emitting direction of light in accordance with time-dependent change of a two-dimensional, image formed 
by the two-dimensional image forming means. 

35 [0036] In a three-dimensional image display in a fifth mode according to the first aspect of the invention, the two- 
dimensional image forming means includes: a plurality of two-dimensional image forming elements each of which is 
formed by arranging a plurality of pixels and is capable of forming a two-dimensional image, and the three-dimensional 
image forming means includes: a plurality of point light sources which are respectively provided in a face-to-face rela- 
tionship with the plurality of two-dimensional image forming elements and which emit light having directivity such that 

40 the respective two-dimensional image forming elements are illuminated by light diffusing from one point; and display 
control means for controlling the two-dimensional image forming elements and the point light sources such that a three- 
dimensional image is formed by the light which has been emitted by the point light sources and has passed through the 
two-dimensional image forming elements. 

[0037] In the three-dimensional image display in the fifth mode, a three-dimensional image is formed by the light 
45 which has been emitted by the point light sources and which has passed through the two-dimensional image forming 
elements. 

[0038] In the three-dimensional image display in the fifth mode, the display control means may control the two- 
dimensional image forming elements by supplying data of two-dimensional images two-dimensionally representing 
three-dimensional image to be displayed as a whole or in part from view points different from each other to the respec- 

50 tive two-dimensional image forming elements. 

[0039] In a three-dimensional image display in a sixth mode according to the first aspect of the invention, the two- 
dimensional image forming means includes a two-dimensional image forming panel that is formed by arranging a plu- 
rality of pixels and is capable of forming a two-dimensional image by driving each of the pixels, and the three-dimen- 
sional image forming means includes: a plurality of point light sources which are provided in a face-to-face relationship 

55 with the two-dimensional image forming panel and which emit light having directivity such that respective predeter- 
mined ranges of the two-dimensional image forming panel are illuminated by light diffusing from one point; and display 
control means for controlling the two-dimensional image forming panel and the point light sources such that an image 
forming range of the two-dimensional image forming panel is sequentially shifted and such that the image forming 
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range is illuminated by light emitted by the respective point light source to form a three-dimensional image with the light 
which has passed through the image forming range. 

[0040] In the three-dimensional image display in the sixth mode, a three-dimensional image is formed by the light 
which has been emitted by the point light sources and which has passed through the image forming range of the two- 

5 dimensional image forming panel. 

[0041] In the three-dimensional image display in the sixth mode, the display control means may control the two- 
dimensional image forming panel by supplying data of two-dimensional images two-dimensional ly representing a three- 
dimensional image to be displayed as a whole or in part from view points different from each other to respective pixels 
in the image forming range of the two-dimensional image forming panel. 

to [0042] A three-dimensional image display according to a second aspect of the invention has: two-dimensional 
image forming means for forming a plurality of two-dimensional images with light which has been subjected to time- 
modulation based on information on a plurality of two-dimensional images; and three-dimensional image forming 
means for forming a three-dimensional image by projecting the plurality of two-dimensional images formed by the two- 
dimensional image forming means in directions different from each other. 

15 [0043] In this three-dimensional image display, the two-dimensional image forming means forms a plurality of two- 
dimensional images with the light which has been subjected to time modulation based on information on a plurality of 
two-dimensional images, and the three-dimensional image forming means forms a three-dimensional image by project- 
ing the plurality of two-dimensional images formed by the two-dimensional image forming means in directions different 
from each other. 

20 [0044] In the three-dimensional image display according to the second aspect of the invention, the two-dimensional 
image forming means may form the two-dimensional images by scanning modulated light. In this case, the three-dimen- 
sional image forming means may project the plurality of two-dimensional images in directions different from each other 
by reflecting the light scanned by the two-dimensional image forming means in different directions in accordance with 
positions of incidence. The three-dimensional image forming means may have a region in which position information 

25 used for controlling the positions of incidence of the light scanned by the two-dimensional image forming means is 
recorded. The three-dimensional image forming means may further have a region in which synchronization information 
for synchronized control of the display as a whole is recorded. 

[0045] A three-dimensional image display according to a third aspect of the invention has: two-dimensional image 
forming means for forming a plurality of two-dimensional images by emitting light carrying information on a plurality of 

30 two-dimensional images; and three-dimensional image forming means for forming a three-dimensional image by pro- 
jecting the light emitted by the two-dimensional image forming means in different directions in accordance with positions 
of incidence to project the plurality of two-dimensional images in directions different from each other. The three-dimen- 
sional image forming means has a region in which position information used for controlling the positions of incidence of 
the light emitted by the two-dimensional image forming means is recorded. 

35 [0046] In this three-dimensional image display, the two-dimensional image forming means emits light carrying infor- 
mation on a plurality of two-dimensional images to form a plurality of two-dimensional images, and the three-dimen- 
sional image forming means projects the light emitted by the two-dimensional image forming means in different 
directions in accordance with the positions of incidence, which results in projection of the plurality of two-dimensional 
images in directions different from each other to form a three-dimensional image. In this three-dimensional image dis- 

40 play, since the three-dimensional image forming means has the region in which position information used for controlling 
the positions of incidence of the light emitted by the two-dimensional image forming means is recorded, it is possible to 
control the positions of incidence of light upon the three-dimensional image forming means. 

[0047] In the three-dimensional image display according to the third aspect of the invention, the three-dimensional 
image forming means may further have a region in which synchronization information for synchronized control of the 
45 display as a whole is recorded. 

[0048] The above and other objects, features and advantages of the invention will become sufficiently apparent 
from the following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

[0049] 

Fig. 1 is a front view of a three-dimensional image display according to a first embodiment of the invention showing 
a configuration of the same. 
55 Fig. 2 is a sectional view of a major part of the three-dimensional image display. 

Fig. 3 is an enlarged sectional view of a major part of the three-dimensional image display. 

Fig. 4 is a block diagram showing a schematic configuration of a display control circuit for controlling a display oper- 
ation of the three-dimensional image display. 
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Fig. 5 is an illustration for explaining how a stereoscopic image is displayed by the three-dimensional image display. 
Fig. 6A shows an example of an image to be displayed by the three-dimensional image display, and Fig. 6B shows 
image data obtained by converting the image to be displayed into binary values. 
Fig. 7 is an illustration for explaining a procedure for slicing partial image data from image data. 
5 Fig. 8 shows partial image data (sliced data) sliced according to the procedure shown in Fig. 7. 

Fig. 9 shows inverted data obtained by inverting the sliced data shown in Fig. 8. 

Fig. 1 0 is a sectional view for explaining operations of a major part of the three-dimensional image display. 
Figs. 11 is an illustration for explaining how point light source images are formed in a space by the three-dimen- 
sional image display. 

w Fig. 12 shows a state in which a planar image is formed in a space by the three-dimensional image display. 

Fig. 13 shows a state in which a stereoscopic image is formed in a space by the three-dimensional image display. 

Fig. 1 4 shows a relationship between the distances of point light source images from a three-dimensional display 

screen and angular resolutions when the field angle is kept constant. 

Fig. 15 is a sectional view of a modification of a light diffusing element. 
w Fig. 1 6 is a sectional view of another modification of tile light diffusing element. 

Fig. 1 7 is a sectional view of still another modification of the light diffusing element. 

Fig. 1 8 shows an entrance surface of the light diffusing element shown in Fig. 1 7. 

Fig. 1 9 is a sectional view of still another modification of the light diffusing element. 

Fig. 20 is a sectional view of a modification of collimator lenses. 
20 Fig. 21 is a perspective view of a three-dimensional image display according to a second embodiment of the inven- 

tion showing a configuration thereof. 

Fig. 22 is a sectional view of a major part of the three-dimensional image display showing a configuration of the 
same. 

Fig. 23 is an enlarged sectional view of a major part of the three-dimensional image display showing a configuration 
25 of the same. 

Fig. 24 is a perspective view of a three-dimensional image display according to a third embodiment of the invention 
showing a configuration thereof. 

Fig. 25 is a sectional view of a major part of the three-dimensional image display showing a configuration of the 
same. 

30 Fig. 26 is a block diagram of a display control circuit for controlling a display operation of the three-dimensional 

image display showing a schematic configuration of the same. 

Fig. 27 is an illustration for explaining the operation of the three-dimensional image display. 
Fig. 28 is all illustration for explaining the operation of the three-dimensional image display. 
Fig. 29 is an illustration for explaining a specific example of the three-dimensional image display. 
35 Fig. 30 is a perspective view of a three-dimensional image display according to a fourth embodiment of the inven- 
tion showing a configuration of the same. 

Fig. 31 A through 31 C are illustrations for explaining the operation of the three-dimensional image display. 
Fig. 32A through 32C are illustrations for explaining the operation of the three-dimensional, image display. 
Fig. 33 is an illustration for explaining a specific example of the three-dimensional image display. 
40 Fig. 34 is an illustration for explaining the specific example of the three-dimensional image display. 

Fig. 35 is a plan view of a three-dimensional image display according to a fifth embodiment of the invention showing 
a configuration of the same. 

Fig. 36 is a perspective view of a major part of the three-dimensional image display shown in Fig. 35 showing a con- 
figuration of the same. 

45 Fig. 37 is a side view of the major part of the three-dimensional image display shown in Fig. 35 showing a structure 

of the same. 

Fig. 38 is a plan view for explaining a photographic principle for acquiring two-dimensional image data to be sup- 
plied to the three-dimensional image display. 

Figs. 39A through 39C are illustrations showing how images from view points different from each other are viewed 
50 depending on the viewing direction. 

Fig. 40 is a sectional view of the deflecting plate shown in Fig. 35 showing a structure of the same. 

Fig. 41 is a sectional view of the deflecting plate shown in Fig. 35 showing a state of operation of the same. 

Fig. 42 is a sectional view of the deflecting plate shown in Fig. 35 showing another state of operation of the same. 

Fig. 43 is a block diagram showing a configuration of a control circuit for controlling the operation of the three- 
55 dimensional image display. 

Fig. 44 is an illustration for explaining a principle behind image width modulation. 

Fig. 45 is an illustration for explaining the principle behind image width modulation. 

Figs. 46A through 46C are illustrations for explaining the principle behind image width modulation. 
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Fig. 47 illustrates a method of compressing image data according to the MPEG. 
Fig. 48 illustrates the method of compressing image data according to the MPEG. 
Fig. 49 illustrates an example of an arrangement of pixels of the LCD shown in Fig. 35. 
Fig. 50 illustrates a method of representing halftones using a technique on a time division basis, 
s Fig. 51 illustrates a method of representing halftones using a technique on a space division basis. 

Fig. 52 illustrates a method of improving the definition of an image. 
Fig. 53 illustrates a method of improving the definition of an image. 

Fig. 54 is a perspective view showing a configuration of a deflecting prism array as a modification of the deflecting 
plate in Fig. 35. 

to Figs. 55A through 55E illustrate an action of the deflecting prism array shown in Fig. 54. 

Fig. 56 illustrates another example of a rotary prism that forms a part of the deflecting prism array shown in Fig. 54. 
Fig. 57 is a plan view of a three-dimensional image display according to a sixth embodiment of the invention show- 
ing a configuration of tile same. 

Fig. 58 is a sectional view of the deflecting plate in Fig. 57 showing a structure and action of the same. 
15 Fig. 59 is an enlarged sectional view of a part of the deflecting plate in Fig. 57 showing a structure and action of the 

same. 

Fig. 60 illustrates the operation of the three-dimensional image display shown in Fig. 57. 
Fig. 61 illustrates the operation of the three-dimensional image display shown in Fig. 57. 
Fig. 62 illustrates the operation of the three-dimensional image display shown in Fig. 57. 

20 Fig. 63 illustrates the operation of the three-dimensional image display shown in Fig. 57. 

Figs. 64A through 64F show a comparison between the principles of deflecting operations of tile three-dimensional 
image display shown in Fig. 35 and the three-dimensional image display shown in Fig. 57. 
Fig. 65 is an illustration for explaining the operation of a three-dimensional image display according to a modifica- 
tion of the three-dimensional image display shown in Fig. 57. 

25 Fig. 66 is an illustration for explaining the operation of the three-dimensional image display according to the modi- 

fication of the three-dimensional image display shown in Fig. 57. 

Fig. 67 is an illustration for explaining the operation of the three-dimensional image display according to the modi- 
fication of the three-dimensional image display shown in Fig. 57. 

Fig. 68 is a plan view of a three-dimensional image display according to a seventh embodiment of the invention 
30 showing a configuration of the same. 

Fig. 69 is a plan view of a three-dimensional image display according to an eighth embodiment of the invention 
showing a configuration of the same. 

Fig. 70 is a plan view of a deflecting film of the three-dimensional image display shown in Fig. 69 showing a con- 
figuration and action of the same. 
35 Fig. 71 is a perspective view of the deflecting film of the three-dimensional image display shown in Fig. 69 showing 
the action of the same. 

Fig. 72 is a plan view of the deflecting film of the three-dimensional image display shown in Fig. 69 showing an 
action of a deflecting cell thereof. 

Fig. 73 is a perspective view of a three-dimensional image display as a modification of the three-dimensional image 
40 display shown in Fig. 69 showing a schematic configuration of the same. 

Fig. 74 is a plan view of the three-dimensional image display shown in Fig. 73. 

Fig. 75 is a sectional view of a deflecting plate used in the three-dimensional image display according to the ninth 
embodiment of the invention showing structures and actions of major parts of the same. 
Fig. 76 is a sectional view of the deflecting plate shown in Fig. 75 showing an action of the same. 
45 Fig. 77 is a plan view of a modification of a projecting optical system used in the three-dimensional image displays 

in the fifth through ninth embodiments of the invention. 

Fig. 78 is a plan view of a three-dimensional image display according to a tenth embodiment of the invention show- 
ing a structure and action of the same. 

Fig. 79 is a plan view of the three-dimensional image display shown in Fig. 78 showing the action of the same. 
so Fig. 80 is a plan view of a three-dimensional image display as a modification according to the tenth embodiment of 
the invention showing a structure and action of the same. 

Fig. 81 is a plan view of a three-dimensional image display as another modification according to the tenth embod- 
iment of the invention showing a structure and action of the same. 

Fig. 82 is a plan view of a three-dimensional image display as still another modification according to the tenth 
55 embodiment of the invention showing a structure and action of the same. 

Fig. 83 is an external perspective view of the directive deflection light-emitting panel shown in Fig. 82 showing a 
configuration of the same. 

Fig. 84 is a sectional view of a modification of the deflecting plate used in the three-dimensional image display 
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according to the sixth through eighth embodiments. 

Fig. 85 is a perspective view of a three-dimensional image display according to an eleventh embodiment of the 
invention showing a schematic configuration of the same. 
Fig. 86 is a perspective view of a part of the projecting portion in Fig. 85. 
5 Fig. 87 is an illustration of an inner circumferential surface of the deflecting screen in Fig. 85 showing a configura- 

tion of the same. 

Fig. 88 is a perspective view of the deflecting region in Fig. 87 showing a configuration of the same. 
Fig. 89 is an enlarged perspective view of the reflecting portion in Fig. 88. 

Fig. 90 is a perspective view of another example of the configuration of the deflecting region in Fig. 87. 
to Fig. 91 is a block diagram of the three-dimensional image display according to the eleventh embodiment of the 

invention showing a circuit configuration of the same. 

Fig. 92 is an illustration of the relationship between an angular range for the deflection of light at a reflecting portion 
of a deflecting region of a deflecting screen and a region in which a three-dimensional image is formed in the elev- 
enth embodiment of the invention. 
w Fig. 93 is an illustration of the relationship between an angular range forthe deflection of light at a reflecting portion 

of the deflecting region of the deflecting screen and a region in which a three-dimensional, image is formed in the 
eleventh embodiment of the invention. 

Fig. 94 is an illustration of a modification of the three-dimensional image display according to the eleventh embod- 
iment of the invention. 

20 Fig. 95 is a perspective view of a three-dimensional image display according to a twelfth embodiment of the inven- 

tion showing a schematic configuration of the same. 

Fig. 96 is a perspective view of a three-dimensional image display according to a thirteenth embodiment of the 
invention showing a schematic configuration of the same. 

25 BEST MODES FOR CARRYING OUT THE INVENTION 

[0050] Preferred embodiments of the present invention will now be described with reference to the drawings. 

[First Embodiment] 

30 

[0051] Fig. 1 shows a frontal structure of a three-dimensional screen forming a part of a three-dimensional image 
display according to the present embodiment. Fig. 2 shows a sectional structure of the three-dimensional image display 
taken along the line A-A' in Fig. 1 . Fig. 3 is an enlarged view of a part of the sectional structure of the three-dimensional 
display screen shown in Fig. 2. As shown in Fig. 1, the three-dimensional display screen 10 has screen dots 11 

35 arranged in the form of a matrix at constant intervals in each of the horizontal direction (lateral direction of the figure) 
and the vertical direction (vertical direction of the figure). As shown in Figs. 2 and 3, the three-dimensional display 
screen 10 has: a multiplicity of light diffusing elements 12 formed of a transparent material that allows visible light to 
pass through with substantially no loss and arranged in the form of a matrix; and liquid crystal display elements (here- 
inafter referred to as "LCDs") 1 3 provided in a face-to-face relationship with entrance surfaces 1 2b of the light diffusing 

40 elements 12 to be described later. 

[0052] Each of the light diffusing elements 12 has a base portion 12a, an entrance surface 12b formed on one side 
of the base portion 12a in the form of an outward convexity and an exit surface 1 2c formed as a flat surface on another 
side of the base portion 12a. The entrance surface 12b is formed as an aspherical surface such as a parabolic surface 
having a convex configuration on the entrance side. It is preferable to form all of the light diffusing elements 12 integrally 

45 with each other. The entrance surfaces 12b correspond to the "converging portion" according to the invention, and the 
exit surfaces 12c correspond to the "exit surface" according to the invention. 

[0053] Each of the LCDs 13 is configured like a matrix in which, for example, 15 pixels (liquid crystal cells) and 9 
pixels are arranged in the horizontal and vertical directions, respectively and is secured to a light diffusing element 12 
with a support member 14. Fig. 3 shows only 9 pixels in the horizontal direction and 9 beams of light for convenience. 
50 The invention is not limited to those numbers of pixels, and any modification may be made appropriately. Each pixel of 
an LCD 13 is driven in accordance with image data which represent the whole or each part of a three-dimensional 
image to be displayed as a two-dimensional still image from each of view points different from each other. One screen 
dot 1 1 is formed by a pair of a light diffusing element 12 and an LCD 13. 

[0054] As shown in Fig. 2, one collimator lens 20 is provided behind the three-dimensional display screen 10 in 
55 association with each group of a plurality of screen dots 1 1 , and a light source portion 30 having light emitting diodes 
31 is provided behind the collimator lens 20. Light emitted by the light emitting diode 31 is transformed by the collimator 
lens 20 into parallel beams of light which impinge upon the LCDs 13. For example, the collimator lens 20 may be con- 
stituted by a Fresnel lens or the like as shown in Fig. 2. 
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[0055] As shown in Fig. 3, the parallel beams of light which have exited the collimator lens 20 are selectively mod- 
ulated when passing through the liquid crystal cells forming the pixels of the LCD 13, incident upon the entrance sur- 
faces 12b of the light diffusing elements 12, and refracted by the entrance surfaces 12b to converge at one point on the 
exit surface 12c (converging point 1 2d). The light converged at the converging point 12d is further refracted thereby to 

5 exit into the space in a substantially uniform diffused state. For example, let us assume here that the numerical aperture 
(NA) of the entrance surface 12b of the light diffusing element 12 is 0.55 and that the refractive index of the base portion 
12a is 1 .80. Then, an effective numerical, aperture for light that is converged by the entrance surface 12a at the con- 
verging point 12d is 1 .0, i.e., 0.55 x 1.80 = 1 .0. Therefore, the light converged at the conversing point 12d is diffused at 
an angle of 180 deg. when it is into the space from the exit surface 12c. That is, diffuse light exits to the space from the 

70 converging point 12d serving as a point light source. The LCDs 13 correspond to the "two-dimensional image forming 
element" according to the invention, and the light diffusing elements 12 correspond to the "light diffusing elements" 
according to the invention. 

[0056] Fig. 4 shows a display control circuit for controlling display on the three-dimensional display screen 1 0 hav- 
ing the above-described configuration. The display control circuit 40 has: a data input portion 41 for inputting two- 

75 dimensional still image data 48 constituted by a plurality of partial image data; a data buffer 42 for temporarily storing 
the input two-dimensional still image data 48; a distribution portion 43 for distributing and outputting the two-dimen- 
sional still image data 48 stored in the data buffer 42 as a plurality of partial image data; buffer memories 44 for tempo- 
rarily storing the respective partial image data output by the distribution portion 43 and for outputting the partial image 
data to the respective LCDs 13 simultaneously at predetermined timing; and a main control portion 45 for controlling 

20 the above-described portions. As described in a specific example to follow, partial image data are data generated by 
inverting data which represent each part of a three-dimensional still image to be displayed on a two-dimensional basis 
from each of view points different from each other. The term "inversion" in this context means not only inversion of an 
image in the vertical and horizontal directions but also inversion in the direction of depth (i.e., a direction perpendicular 
to the three-dimensional display screen 10 in the case of display on the three-dimensional display screen 10). Such 

25 inversion is carried out in advance to prevent an ultimately obtained spatially stereoscopic image from coming with 
inverted convexities and concavities as seen on a death mask taking inversion of the original image (image supplied to 
the LCDs 13) by the light diffusing elements 12 into account. The above-mentioned predetermined timing is timing 
instructed by the main control portion 45. The display control circuit 40 corresponds to the "display control means" 
according to the invention. 

30 [0057] A description win now be made with reference to Figs. 1 through 5 on the operation of the three-dimensional 
image display having the above-described configuration. Fig. 5 illustrates a state in which the three-dimensional display 
screen 1 0 is viewed directly from above. Fig. 5 omits the light source portion 30 and collimator lens 20 shown in Fig. 2. 
[0058] First, in an image processor which is not shown, a plurality of sets of partial image data are generated by 
inverting image data that represent each part of a three-dimensional image to be displayed from each of view points 

35 different from each other and are input to the data input portion 41 (Fig. 4) of the display control circuit 40 as two-dimen- 
sional still image data 48. For example, while the "partial image data" are obtained by photographing an object each 
time a constant distance is traveled by a camera which moves relative to the object (e.g., from the left side to the right 
side of the object), the data may be generated using computer graphics. Alternatively, the data may be a CT (compu- 
terized tomography) scan image or a roentgen image obtained using X-rays or even an image obtained using an ultra- 

40 sonic diagnostic apparatus. To display a three-dimensional dynamic image, a plurality of sets of partial image data as 
described above are generated for each of three-dimensional images representing a continuous scene and are sequen- 
tially input to the data input portion 41 . 

[0059] The two-dimensional still image data 48 input to the data input portion 41 are temporarily stored in the data 
buffer 42 and are thereafter distributed and output by the distribution portion 43 to the respective buffer memories 44 
45 as partial image data to be temporarily stored respectively. The partial image data stored in those buffer memories 44 
are simultaneously output to the respective LCDs 13 in synchronism with an output timing signal from the main control 
portion 45. 

[0060] As shown in Fig. 2, light emitted by the light emitting diodes 31 of the light source portion 30 is transformed 
by the collimator lenses 20 into parallel beams of light which in turn vertically impinge upon the LCDs 13. As shown in 
50 Fig. 3, light incident upon each pixel is subjected to intensity modulation in accordance with image data associated 
therewith among the partial image data and then exits as it is perpendicularly to tile pixel. The intensity modulation per- 
formed at each pixel may be modulation into two levels, i.e., "0" and "1" or may alternatively be multi-level modulation 
into three or more levels. 

[0061] As shown in Fig. 3, beams of light exiting the pixels of the LCDs 13 impinge upon the entrance surfaces 12b 
55 of the respective light diffusing elements 12 by which they are refracted to converge at the converging points 12d on the 
respective exit surface 12c and are thereafter diffused to exit into the space. As a result, as shown in Fig. 5, a multiplicity 
of point light source images P are formed by beams of light exiting the light diffusing elements 12 of the respective 
screen dots 11 in the space in front of the three-dimensional display screen 10. Those point light source images are 
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distributed not only in the horizontal and vertical directions of the three-dimensional display screen 10 but also in tile 
direction of the depth thereof to form a three-dimensional, still image as a whole. It is therefore possible for a viewer Q 
located in front of the three-dimensional display screen 1 0 to view a stereoscopic spatial image R in that space. 
[0062] At this time, when the magnitude of modulation at pixels of the LCDs 13 associated with each other is varied 
5 at each of the screen dots 1 1 , the intensity of tile point light source images P viewed by the viewer Q varies depending 
on the viewing direction. In this case, therefore, even variation of luminance depending on the movement of the view 
point can be represented. For example, it is possible to represent a state of reflection of light on a metal surface faith- 
fully. 

[0063] In the example shown in Fig. 5, since the diffusing angle of light exiting the light diffusing elements 1 2 of the 
70 screen dots 1 1 in the horizontal direction is substantially nearly 180 deg., the field angle is also nearly 1 80 deg. There- 
fore, the viewer Q can take a view of lateral sides of the spatial image R by moving to the left and right. 
[0064] By performing the above-described process in a cycle at a high speed (e.g., about 1/30 of a second) for each 
of three-dimensional still images having a continuous content, a three-dimensional dynamic image can be rendered in 
a space in front of the three-dimensional display screen 1 0 (Fig. 5), and the viewer Q can view a realistic stereoscopic 
w dynamic image as a result of an after-image phenomenon in his or her eyes. 

[0065] A specific example of the present embodiment will now be described with reference to Figs. 6 through 1 1 . 
[0066] For simplicity of the description, this specific example will describe display of planar characters "COMETS" 
as shown in Fig. 6A in a space. As shown in Fig. 6A, an image of the characters "COMETS" is divided into 31 pixels in 
the horizontal direction and 5 pixels in the vertical direction. Then, as shown in Fig. 6B, each pixel is represented by 
20 binary data "0" or "1". The data "1" represents a light point pixel, and the data "0" represents a dark point pixel. Numbers 
X1 through X31 are assigned to the pixels in the horizontal direction, and numbers Y1 through Y5 are assigned to the 
pixels in the vertical direction. 

[0067] Next, 15 bits of data are sliced off from each of the data in the horizontal direction. When the data in the row 
Y1 in Fig. 6B is considered byway of example, as shown in Fig. 7, 14 bits of dummy data are added on each of the left 
25 and right sides of 31 bits of original data to provide 59 bits of data in total, and 15 bits of data are sliced off by sequen- 
tially shifting it bit by bit from the left end. 

[0068] The reason for adding the 14 bits of dummy data on each of the left and right sides of the original data is as 
follows. Specifically, as shown in part (a) of Fig. 11, in order to provide proper display of 7 dots on each of the left and 
right sides of the spatial image, too, additional 7 screen dots 11 are required in the horizontal direction of the three- 

30 dimensional display screen 1 0 on each of the left and right sides of 31 screen dots 1 1 corresponding to the number of 
horizontal pixels of the image "COMETS" to be displayed. Therefore, 45 + 1 4 = 59 spatial dots are formed in total when 
virtual spatial dots (14+14) which are not displayed in practice are considered, and 59 bits of data are required accord- 
ingly. Part (a) of Fig. 1 1 illustrates a positional relationship between the three-dimensional display screen 1 0 and each 
dot (point light source image) of the spatial image, and part (b) of Fig. 1 1 illustrates the spatial image which appears in 

35 front of the three-dimensional display screen 10. Part (a) of Fig. 11 shows a state of the three-dimensional display 
screen 1 0 as viewed from directly above the same, and part (b) of Fig. 1 1 shows the state as viewed at front ways. Part 
(a) of Fig. 1 1 omits the light source portion 30 and collimator lens 20 shown in Fig. 2. Part (a) of Fig. 1 1 shows only the 
uppermost row of dots of the spatial image in part (b) of Fig. 1 1 and represents dots which actually appear (point light 
source images) with black dots (•). 

40 [0069] In this specific example, as shown in Fig. 8, 45 sets of 15 bit data are sliced off from the 59 bits of data in 
total. 

[0070] Next, an inverting process is performed to replace high order and low order bits (left and right sides of Fig. 
8) with each other for each of the 45 sets of sliced data shown in Fig. 8, which provides 45 sets of inverted data as 
shown in Fig. 9. The screen dot numbers in Fig. 9 are numbers assigned to the screen dots 1 1 of the three-dimensional 

45 display screen 1 0 shown in Fig. 11 in an ascending order starting with the dot at the left end. 

[0071] The above-described process is similarly performed on the data in each of the rows Y2 through Y5 in Fig. 
6B to obtain 45 sets of inverted data as shown in Fig. 9 for each of the rows. The inverted data obtained for the rows 
Y1 through Y5 are respectively supplied to the LCDs 13 of the screen dots 1 1 having numbers corresponding thereto. 
The inverted data for the row Y1 are sequentially supplied to the lowermost row of pixels of the LCDs 13 starting with 

50 the pixel at the left end as viewed from the front side of the three-dimensional display screen 10, and the inverted data 
for the row Y5 are sequentially supplied to the uppermost row of pixels of the LCDs 13 starting with the pixel at the left 
end. That is, the data supplied to the LCDs 13 are inverted not only in the horizontal direction but also in the vertical 
direction. More specifically for example, the bits of the inverted data "000000000000000" for the screen dot D1 among 
the inverted data for the row Y1 shown in Fig. 9 are sequentially supplied to the lowermost row of pixels of the LCD 13 

55 at the screen dotD1 (Fig. 1 1) starting with the pixel at the left end, and the bits of the inverted data "100000000000000" 
for the screen dot D2 are sequentially supplied to the lowermost row of pixels of the LCD 1 3 at the screen dot D2 start- 
ing with the pixel at the left end. This equally applies to the other screen dots D3 through D45. 
[0072] Fig. 10 shows a state in which the inverted data for the row Y1 are supplied to the LCDs 13 at the screen 
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dots D1 5 through D1 9 to drive the respective lowermost rows of pixels. In this figure, the shaded pixels are in a "0" state 
(closed state), and the unshaded pixels are in a "1" state (open state). As shown in the figure, beams of light that have 
passed through pixels in the open state of the LCD 13 of each of the screen dots 1 1 exit the light diffusing element 12 
in respective predetermined directions to form a multiplicity of point light source images P in a space in front of the 
5 three-dimensional display screen 10. As shown in Figs. 10 and 11, in this specific example, up to 15 beams of light exit 
each of the screen dots 1 1 . In other words, each of the point light source images P is always formed by beams of light 
from 15 screen dots 11. 

[0073] Fig. 12 is an air view of a state in which planar characters "COMETS" have appeared in a space in front of 
the three-dimensional display screen 10. As shown in this figure, in this specific example, since the original image is a 
w planar image of characters, the image displayed as if it were floating in the space also looks planar and has no depth. 
On the contrary, when the original image is stereoscopic characters "COMETS", as shown in Fig. 13, stereoscopic 
characters "COMETS" having a depth can be presented in the space in front of the three-dimensional display screen 
10. 

[0074] Normally, a configuration is employed in which all, of the screen dots 1 1 of the three-dimensional display 
15 screen 10 are equal in the angle of diffusion therefrom, i.e., the field angle. In this case, as shown in Fig. 14, light exiting 
a greater number of screen dots 1 1 contributes to the formation of a spatial dot (point light source image), the further 
the spatial dot is from the three-dimensional display screen 1 0. For example, let us assume that a field angle G is con- 
stant in all positions in the space in front of the three-dimensional display screen 1 0 as shown in the same figure. Then, 
while one spatial dot is formed by screen dots 1 1 in a quantity as great as 21 in a position at a great distance A from 
20 the three-dimensional display screen 10, one spatial dot is formed by screen dots 1 1 in a smaller quantity, i.e., 1 1 in a 
position at a smaller distance B from the three-dimensional display screen 10. Further, one spatial dot is formed by 
screen dots 1 1 in a quite small quantity, i.e., 3 in a position at a still smaller distance C from the three-dimensional dis- 
play screen 1 0. Therefore, a viewer Q can view a stereoscopic image that appears in a space closer to him or her (a 
space further from the three-dimensional display screen 1 0) with an angular resolution higher than that of a stereo- 
25 scopic image that appears in a space further from him or her (a space closer to the three-dimensional display screen 
1 0). Here, an angular resolution indicates a cycle of an angle of movement of the view point of a viewer Q in which a 
point light source image P appears and disappears when the viewer moves the view point horizontally or vertically rel- 
ative to the point light source image P. 

[0075] While the data are sliced off by shifting them bit by bit as shown in Fig. 7 in the specific example illustrated 
30 here, the slicing may be carried out by shifting two or more bits at a time. In this case, the number of bits shifted at a 
time may be appropriately determined depending on the field angle and the pitch of the screen dots 1 1 . 
[0076] As described above, in the three-dimensional image display of the present embodiment, electrooptical ele- 
ments, i.e., the LCDs 1 3 that allow an easy change of the contents of display are used to form object images, and the 
object images on the LCDs 1 3 are projected into a space to form a spatial image, instead of generating a spatial image 
35 using a multiplicity of small object images fixedly formed on a photographic dry plate as in the IP method in prior art. 
This makes it possible to significantly reduce or simplify complicated preparations such as development and installation 
of a photographic dry plate which have been required after an object is photographed. This is because it is required in 
the three-dimensional image display of the present embodiment only to generate image data by electrically processing 
an image obtained in advance through a photographic operation and to supply the data to the LCDs 13. 
40 [0077] The three-dimensional image display of the present embodiment can perform display of a stereoscopic 
dynamic image which has been difficult with the IP method in prior art because the contents of an image supplied to 
the LCDs 13 can be changed at a high speed. 

[0078] Further, the three-dimensional image display of the present embodiment is advantageous from the view- 
point of designing and cost because it can employ a non-coherent light source such as the above-described light emit- 
45 ting diode 31 without any need for coherent light as in prior-art apparatuses utilizing a hologram. However, a coherent 
light source such as a semiconductor laser may obviously be used. 

[0079] Furthermore, in the three-dimensional image display of the present embodiment, light from the light source 
portion 30 is caused to impinge upon the LCDs 1 3 after being transformed into parallel beams of light, and light that has 
passed through the LCDs 13 is diffused after being temporarily converged at the light diffusing elements 12. Specifi- 

50 cally, light from the light source portion 30 almost entirely passes through the LCDs 13 without being diffused and then 
exits the light diffusing elements 1 2. The converging points 1 2d of the light diffusing elements 1 2 can be regarded com- 
parable to a pin hole in a pin hole camera and, consequently, light can be substantially entirely used by converging it at 
the pin holes except for losses attributable to absorption and reflection at the LCDs 1 3 and light diffusing elements 1 2. 
It is therefore possible to display a three-dimensional spatial image with increased luminance. 

55 [0080] In the three-dimensional image display of the present embodiment, the size of the screen dots 1 1 tends to 
be relatively large because the size of the light diffusing elements 12 must be equivalent to the size of the LCDs 13. 
Therefore, the three-dimensional image display of the present embodiment is preferably used as a three-dimensional, 
display with a large screen to be installed in the street, a movie theater, a stadium or the like rather than as a television 
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receiver for home use when the possibility of display with a high luminance and spatial resolution as described above 
is taken into consideration. 

[0081] The three-dimensional image display will now be described with reference to several modifications of the 
same. 

5 [0082] While the entrance surfaces 12b of the light diffusing elements 12 are formed as aspherical surfaces such 
as parabolic surfaces in the example of the present embodiment shown in Fig. 3, the light diffusion elements may be 
formed as so-called SILs (solid immersion lenses). For example, as shown in Fig. 15, such an SIL is Configured by 
forming an entrance surface 1 12b on a base portion 1 12a as a spherical surface and by providing a converging lens 
1 15 between the entrance surface 1 12b and an LCD 13. In this case, a configuration is employed in which the base por- 

10 tion 112a is formed such that the center of curvature of the spherical surface which is the entrance surface 112b is 
located above an exit surface 1 12c of the base portion 112a and in which beams of light exiting a converging lens 115 
straightly travel without being refracted by the entrance surface 1 12b of the base portion 1 12a. That is, the position of 
the focal point of the converging lens 1 15 is matched with the exit surface 1 12c. The configuration is otherwise the same 
as that of the light diffusing element 12 in Fig. 3, and like components are therefore indicated by like reference numbers. 

15 [0083] As shown in Fig. 1 6, a light diffusing element 122 may be configured by providing a Fresnel lens 122b having 
effects equivalent to those of the entrance surface 112b instead of the entrance surface 1 12b constituted by a spherical 
surface in Fig. 15, and screen dots 121 utilizing such light diffusing elements 122 may be arranged on a three-dimen- 
sional display screen 120. 

[0084] As shown in Fig. 17, a light diffusing element 132 may be formed with a flat entrance surface 132b; a pattern 
20 1 16 of interference fringes in the form of concentric circles as shown in Fig. 18 may be formed on the entrance surface 
132b; and screen dots 131 utilizing light diffusing elements 132 having such a configuration may be arranged on a 
three-dimensional display screen 130. Fig. 18 represents a section taken along the line B-B 1 in Fig. 17. The configura- 
tion is otherwise the same as that in Fig. 3, and like components are therefore indicated by like reference numbers. In 
a light diffusing element 132 having such a configuration, light incident upon a base portion 132a is diffracted by the 
25 pattern 116 of interference fringes on the entrance surface 132b to be converged on an exit surface 132c and is diffused 
thereby to exit into a space. For example, the pattern 1 16 of interference fringes on the entrance surface 132b may be 
generated as follows. 

[0085] First, a three-dimensional interference pattern is calculated for generating desired reproduction light (that is, 
in this case, beams of light converged on the exit surface 132c of the base portion 132a) when a recording medium 

30 serving as a master is irradiated by reference light for reproduction; the three-dimensional interference pattern is 
divided into a plurality of partial interference patterns; and reference light for recording and information light for record- 
ing are calculated for each of the partial interference patterns. Next, a recording head capable of radiating the reference 
light for recording and information light for recording is moved with the recording medium transported to form partial 
holograms by irradiating the recording medium with the reference light for recording and information light for recording 

35 using the recording head while changing the relative positional relationship between the recording medium and the 
recording head, thereby creating a final master hologram recording medium. Next, a multiplicity of hologram replicas 
can be produced as follows based on the master hologram recording medium thus created. Specifically, both of the 
above-described master hologram recording medium and an unrecorded recording medium are irradiated by reference 
light with those recording media overlapped with each other such that reproduction light is generated by holograms in 

40 the master hologram recording medium, and an interference generated as a result of interference between the repro- 
duction light generated by each hologram when irradiated by the reference light, and the reference light is recorded in 
the unrecorded recording medium. This completes a recording medium in which a hologram of an interference pattern 
that is the inversion of the hologram in the master hologram recording medium is recorded. The above-described repli- 
cating step can be performed using the recording medium thus created as a stamp to produce a multiplicity of replicas 

45 of the hologram in the original master hologram recording medium. 

[0086] Any of the light diffusing elements described above as examples has a function of temporarily converging 
incident light on the exit surface and thereafter diffusing and causing it to exit into a space. For example, while the exam- 
ple in Fig. 3 has a configuration in which light is diffused from point light sources (converging points 1 2d) located on the 
exit surfaces 12c of the light diffusing elements 12 (i.e., the surface of the three-dimensional display screen 10), another 

50 configuration may be employed as described below in which light is diffused from point light sources (converging points) 
located, for example, behind the three-dimensional display screen 10. 

[0087] Fig. 19 schematically shows a sectional configuration of such a light diffusing element. The light diffusing 
element 1 42 shown in this figure is a space coordinates specifying element in the form of a sheet configured by arrang- 
ing a space coordinates specifying cell 142a in a position associated with each of the pixels of an LCD 13, and one 
55 screen dot 141 is formed by the light diffusing element 142 and LCD 1 3. The space coordinates specifying cells 142a 
of the light diffusing element 142 have a function of diffracting a beam of light incident thereupon in a direction which is 
predetermined individually, and can be constituted by so-called volume holograms. The diffracting direction of light is 
different for each of the space coordinates specifying cells 1 42a and is set such that the light seems as if it were entirely 
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emitted from a virtual point of emission Pv behind a three-dimensional display screen 140. 

[0088] Specific examples will now be shown on numerical values associated with the light diffusing element 142 
having the above-described configuration. Let us assume here that the number of pixels in the horizontal direction of 
each LCD 13 is set at a practical value (e.g., 1024 pixels) and the field angle is set at, for example, 90 deg. Then, the 

s angular resolution of the light diffusing element 142 is 90 deg./1 024 pixels 0.088 deg. The angular resolution of a space 
coordinates specifying element utilizing a volume hologram normally depends on the thickness of the same and, for 
example, thicknesses of 100 urn, 500 jim, 1000 urn and 5000 um result in values of 0.25 deg., 0.05 deg., 0.025 deg. 
and 0.005 deg., respectively. Therefore, there is a good possibility of providing the light diffusing element 142 with an 
angular resolution of 0.088 deg. or less as described above by setting the thickness of the same at about 500 |im. 

to [0089] When the screen dot 141 is formed using such a light diffusing element 142, there is no need for the process 
of inverting (replacing high and low order bits) sliced data (Fig. 8) unlike the case wherein the light diffusing element 12 
in Fig. 3 is used, which simplifies a pre-process. This is because light which has passed through the light diffusing ele- 
ment 142 shown in Fig. 19 forms an erected virtual image because it acts like a kind of concave lens, while light which 
has passed through the light diffusing element 12 in Fig. 3 forms an inverted real image because it acts like a kind of 

15 convex lens. Such a light diffusing element 142 constituted by a space coordinates specifying cell 142a can be pro- 
duced and replicated using the same method as that described with reference to Fig. 1 7. 

[0090] While the collimator lens 20 constituted by a Fresnel lens is provided in a face-to-face relationship with each 
of the plurality of screen dots 1 1 to transform divergent light from the light source portion 30 into parallel beams of light 
in Fig. 2 described above, this is not limiting the present invention, and parallel beams of light may be obtained using 

20 other configurations. For example, as shown in Fig. 20, a collimator lens 20' having a configuration similar to that of the 
light diffusing element 12 may be provided for each of the light diffusing elements 12 such that an exit surface 152b 
thereof faces an LCD 13. A base portion 152a, exit surface 152b and entrance surface 152c of the collimator lens 20' 
correspond to the base portion 12a, entrance surface 12b and exit surface 12c of a light diffusing element 12, respec- 
tively. The optical axes of the collimator lenses 20' and light diffusing elements 12 are aligned, and light emitting diodes 

25 31 are provided at the points where the optical axes and the entrance surface 152c of the collimator lens 20' intersect. 
The illustration in the same figure omits the support member 1 4 which is shown in Fig. 2. In such a configuration, beams 
of light emitted by the light emitting diodes 31 and diverged in the base portions 152a of the collimator lenses 20' are 
refracted by the respective exit surfaces 152b into beams of light in parallel with the central optical axis which vertically 
impinge upon the LCDs 13. In this modification, a reduction is the number of parts can be achieved because common 

30 parts may be used for the light diffusing elements 1 2 and collimator lenses 20' which have the same configuration. 

[Second Embodiment] 

[0091 ] A second embodiment of the invention will now be described. 

35 [0092] Fig. 21 shows a schematic configuration of a three-dimensional image display according to a second 
embodiment of the invention. The three-dimensional image display has an LCD panel 61 formed by arranging a plurality 
of LCDs 60 in each of the horizontal and vertical directions and has a three-dimensional display screen 63 which has a 
configuration including a plurality of pinhole elements 62 and which is provided in parallel with the LCD panel 61 in a 
face-to-face relationship with the same. A diffusing plate and a light source portion which are not shown are provided 

40 behind the LCD panel 61 . Although Fig. 21 shows the LCD panel 61 and three-dimensional screen 63 as being spaced 
at a considerable interval for convenience, they may be provided closer. The LCD panel 61 corresponds to the "two- 
dimensional image forming element" of the invention. 

[0093] Each of the LCDs 60 is formed by arranging H pixels in the horizontal direction and V pixels in the vertical 
direction in the form of a matrix and corresponds to the LCD 13 in the first embodiment (Figs. 2 and 3). Atwo-dimen- 

45 sional still image may be formed by each of the LCDs 60 by supplying partial image data as described in the first 
embodiment thereto. The pinhole elements 62 of the three-dimensional display screen 63 are provided in a one-to-one 
relationship with the LCDs 60 in positions where they face the central portions of the respective LCDs 60. 
[0094] Fig. 22 is an enlarged view of a sectional structure of the three-dimensional display screen 63 in Fig. 21 
taken along the line C-C. As shown in the same figure, the three-dimensional display screen 63 has a configuration 

so including a pinhole plate 64 and an entrance plate 65 and an exit plate 66 provided such that they sandwich the pinhole 
plate 64. The pinhole plate 64 is formed of a material having light blocking properties and has pinholes 64a. Both of the 
entrance plate 65 and exit plate 66 are formed of a material transparent to visible beams of light and have entrance sur- 
faces 65a and exit surfaces 66a constituted by spherical surfaces centered at the pinholes 64a of the pinhole plate 64. 
One pinhole element 64 (Fig. 21) is formed by a pinhole 64a, an entrance surface 65a and an exit surface 66a. The pin 

55 hole 64a corresponds to the "microscopic opening" of the invention. 

[0095] A circuit for driving the three-dimensional image display of the present embodiment is equivalent to aversion 
of the display control circuit 40 described in the first embodiment (Fig. 4) in which the LCDs 13 are replaced with the 
LCDs 60. The following description will be made using Fig. 4. 
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[0096] The operation of the three-dimensional image display having such a configuration will now be described. 
[0097] The method of driving the LCDs 60 in the present embodiment is similar to that in the first embodiment. Spe- 
cifically, in an image processor which is not shown, a plurality of sets of partial image data are first generated by invert- 
ing image data that represent each part of a three-dimensional image to be displayed on a two-dimensional basis from 

5 each of view points different from each other, and are input to a data input portion 41 (Fig. 4) of a display control circuit 
40 as two-dimensional still image data 48. Referring to how to generate the "partial image data", as described in the 
first embodiment, they may be images obtained by photographing an object actually or may be images obtained using 
computer graphics. To display a three-dimensional, dynamic image, a plurality of sets of partial image data as described 
above are generated for each of three-dimensional images representing a continuous scene and are sequentially input 

to to the data input portion 41 . 

[0098] The two-dimensional still image data 48 input to the data input portion 41 are temporarily stored in a data 
buffer 42 and are thereafter distributed and output by a distribution portion 43 to respective buffer memories 44 as par- 
tial image data to be temporarily stored respectively. The partial image data stored in those buffer memories 44 are 
simultaneously output to respective LCDs 60 in synchronism with an output timing signal from a main control portion 45. 

w [0099] Referring to Fig. 21 , light emitted by a light source portion which is not shown is uniformly diffused by the 
diffusing plate which is not shown to impinge upon each of the LCDs 60 of the LCD panel 61 . The light incident upon 
the pixels of each LCD 60 is subjected to intensity modulation in accordance with data of corresponding pixels in partial 
image data and then divergingly exits each of the pixels. In this case, the intensity modulation performed at each pixel 
may be modulation into two levels, i.e., "0" and "1" or may alternatively be multi-level modulation into three or more lev- 

20 els similarly to that in the first embodiment. 

[0100] As shown in Fig. 21, among beams of light exiting the pixels of each LCD 60, beams of light toward the 
respective pinhole element 62 of the three-dimensional display screen 63 travel straightly without being refracted by the 
entrance surface 65a of the pinhole element 62 to pass through the pinhole 64a and further travel straightly without 
being refracted by the exit surface 66a to exit the three-dimensional display screen 63. As a result, a multiplicity of point 

25 light source images are formed by beams of light that have exited the respective pinhole elements 62 in the space in 
front of the three-dimensional display screen 63. Those point light source images are distributed not only in the horizon- 
tal and vertical directions of the three-dimensional display screen 63 but also in the direction of the depth thereof to form 
a three-dimensional still image as a whole. It is therefore possible for a viewer Q located in front of the three-dimen- 
sional display screen 63 to view a stereoscopic spatial image in that space. At this time, by varying the magnitude of 

30 modulation at pixels of the LCDs 60 associated with each other at each of the LCDs 60, it is possible to represent even 
variation of luminance depending on the movement of the view point and to represent a state of reflection of light on a 
metal surface faithfully. 

[0101] The present embodiment also makes it possible to display a three-dimensional dynamic image by providing 
a plurality of sets of partial image data as described above for each of three-dimensional, images representing a con- 
35 tinuous scene and by supplying them to the LCDs 60 sequentially. Display of a three-dimensional dynamic image will 
now be described with reference to examples of specific numerical values. 

[0102] Referring to Fig. 21, let us assume that the numbers H and V of the pixels in the horizontal and vertical direc- 
tions forming an LCD 60 are, for example, 256 and 144 respectively; the driving speed of each pixel is, for example, 1 
Usee, (microsecond); and display is performed using 3 dots simultaneous sampling. The 3 dots simultaneous sampling 

40 is to drive pixels in the horizontal direction for three dots simultaneously. In this case, the time required for displaying 
one partial image with the LCD 60 is about 1 2.3 msec, (milliseconds) because 256 x 1 44 x 1 u.sec/3 = 1 2.288. That is, 
the time for displaying one two-dimensional still image with the three-dimensional display screen 63 as a whole can be 
sufficiently reduced to 30 msec, or less which is the frame period of a normal television. It is therefore possible to display 
a three-dimensional dynamic image which gives the viewer Q no feeling of wrongness. 

45 [0103] Let us assume that the numbers H and V of the pixels in the horizontal and vertical directions forming an 
LCD 60 are, for example, 1 024 and 576 respectively; the driving speed of each pixel is, for example, 1 u.sec; and display 
is performed using 24 dots simultaneous sampling. Then, the time required for displaying one partial image with the 
LCD 60 is about 24.6 msec, because 1024 x 576 x 1 u.sec/24 = 24.576, and it is therefore possible to achieve repre- 
sentation of a three-dimensional image with higher definition. 

50 [0104] In the first embodiment, the light diffusing elements 12 serving as pinholes and the LCDs 13 are provided 
relatively close to each other, and the LCDs are illuminated with parallel beams. Thus, the LCDs 13 and light diffusing 
elements 12 must be substantially equal in size and, therefore, the LCDs 13 cannot have so many pixels. 
[0105] On the contrary, in the present embodiment, the pinhole elements 62 are provided relatively apart from the 
LCDs 60; the LCDs 60 are illuminated with diverging light from the light source; and a spatial image is represented 

55 using beams of light traveling toward the pinhole elements 62 of the three-dimensional screen 63 among beams of light 
diverging from each pixel of the LCDs 60. Thus, the size of the LCDs 60 can be considerably larger than that of the pin- 
hole elements 62 of the three-dimensional display screen 63. That is, the LCDs 60 can have a great number of pixels 
as that in the above-described specific example. Therefore, the three-dimensional image display of the present embod- 
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iment achieves higher definition when it comes to representation of an image to be viewed by the viewer Q at each view 
point. 

[Third Embodiment] 

5 

[0106] A third embodiment of the invention will now be described. 

[0107] While the three-dimensional image display of the second embodiment can achieve high definition in repre- 
senting an image to be viewed by the viewer Q at each view point, the angular resolution is lower than that in the first 
embodiment because the pinhole elements 62 of the three-dimensional display screen 63 must be arranged at a large 
to pitch D (Fig. 21), which can result in a phenomenon that a stereoscopic image appears or disappears each time the 
viewer Q changes the view point. In order to eliminate such a problem, the present embodiment makes it possible to 
improve angular resolution. A detailed description on the embodiment will now be made with reference to Figs. 24 
through 28. 

[0108] Fig. 24 shows a schematic configuration of a three-dimensional image display according to a third embodi- 
15 ment of the invention. The three-dimensional image display has: a picture LCD panel 70 including a multiplicity of pixels 
in the horizontal and vertical directions in the form of a matrix; and a pinhole LCD panel 71 provided in parallel with the 
picture LCD panel 70 in a face-to-face relationship. A diffusing plate and a light source portion which are not shown are 
provided behind the picture LCD panel 70. Although this figure shows the picture LCD panel 70 and pinhole LCD panel 
71 as being spaced at a considerable interval for convenience, they may be provided closer. The picture LCD panel 70 
20 corresponds to the "two-dimensional image display panel", and the pinhole LCD panel 71 corresponds to the "optically 
opening/closing cell array" of the invention. 

[0109] The picture LCD panel 70 is configured such that partial image display regions SP including H1 pixels and 
V1 pixels in the horizontal direction X and vertical direction Y respectively are controlled to become active while being 
scanned and shifted in the horizontal direction X and vertical direction Y pixel by pixel at constant time intervals. There- 

25 fore, if the numbers of pixels of the picture LCD panel 70 in the horizontal and vertical directions are represented by N 
and M respectively, the number of partial image display regions SP scanned and shifted in the horizontal direction (in 
other words, the number of positions where the partial image display regions SP stop in the horizontal direction) is N- 
H1+1, and the number of the partial image display regions SP scanned and shifted in the vertical direction (in other 
words, the number of positions where the partial image display regions SP stop in the vertical direction) is M-V1+1. 

30 Here, the term "active" indicates a state in which data are supplied to each pixel in a region so as to form an image actu- 
ally. The partial image display regions SP correspond to the LCDs 13 in the first embodiment (Figs. 2 and 3) and the 
LCDs 60 in the second embodiment. Partial image data as described in the first embodiment are supplied to respective 
partial image display regions SP which are shifted every moment, such that partial still images from respective different 
view points are formed at the partial image display regions SP at each point in time. 

35 [0110] Pinhole pixels PX of the pinhole LCD panel 71 are provided in positions in a face-to-face relationship with 
centers of the partial image display regions SP of the picture LCD panel 70 which sequentially become active. The num- 
bers of pixels of the pinhole LCD panel 71 in the horizontal and vertical directions are equal to the numbers N-H1+1 and 
M-V1+1 of the partial image display regions SP in the horizontal and vertical directions. The pinhole pixels PX of the 
pinhole LCD panel 71 are controlled such that they sequentially enter an open state in synchronism with the scan and 

40 shift of the partial image display regions SP of the picture LCD panel 70. Therefore, among the pinhole pixels PX of the 
pinhole LCD panel 71, only pixels associated with active partial image display regions SP of the picture LCD panel 70 
enter the open state. In consequence, pinhole pixels PX of the pinhole LCD panel 71 in the open state are scanned and 
shifted at the same speed as the scanning and shifting speed of the partial image display regions SP of the picture LCD 
panel 70. 

45 [0111] Fig. 25 is an enlarged view of a sectional structure of the pinhole LCD panel 71 shown in Fig. 24 in the hor- 
izontal direction thereof. As shown in the same figure, the pinhole LCD panel 71 has a configuration including: a pinhole 
LCD 72 functioning similarly to the pinhole plate 64 (Fig. 22) of the second embodiment; and an entrance plate 73 and 
an exit plate 74 provided such that they sandwich the pinhole LCD 72. Pinhole pixels PX of the pinhole LCD 72 are 
arranged at the same pitch as the pitch of the pixels of the picture LCD panel 70, and only specified pixels enter the 

so open state to allow light incident thereupon to pass as it is. Both of the entrance plate 73 and exit plate 74 are formed 
of a material transparent to visible beams of light and have entrance surfaces 73a and exit surfaces 74a constituted by 
spherical surfaces centered at the pixels of the pinhole LCD 72. One pinhole pixel corresponding to the pinhole element 
62 in the second embodiment (Fig. 21) is formed by a pinhole pixel PX in the open state of the pinhole LCD 72, an 
entrance surface 73a and an exit surface 74a. Each of the pinhole pixels PX of the pinhole LCD 72 corresponds to the 

55 "optical opening/closing cell" of the invention. 

[0112] Fig. 26 shows a schematic configuration of a display control circuit 180 for controlling display of the three- 
dimensional image display of the present embodiment. The display control circuit 180 has: a data input portion 181 to 
which two-dimensional still image data 48 constituted by data of a plurality of partial images are input and which 
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extracts a synchronizing signal 1 84 from the input two-dimensional still image data 48; a data buffer 82 for temporarily 
storing the input two-dimensional still image data 48, for extracting each of partial image data from the accumulated 
two-dimensional still image data 48 and for outputting the same at timing in synchronism with the synchronizing signal 
1 84 from the data input portion 1 81 ; a scan address specifying portion 1 83 for outputting a scan address signal 1 86 to 

5 the picture LCD panel 70 and pinhole LCD 72 in synchronism with the synchronizing signal 1 84 from the data input por- 
tion 1 81 ; and a main control portion 1 85 for controlling the above-described portions. Similarly to the above-described 
embodiments, partial image data are data generated by inverting data which represent each part of a three-dimensional 
still image to be displayed on a two-dimensional basis from each of view points different from each other. The synchro- 
nizing signal 184 is a signal indicating timing forthe beginning of each of partial image data forming the two-dimensional 

w still image data 48, and the scan address signal 186 is a signal for specifying the positions of partial image display 
regions SP of the picture LCD panel 70 to be activated and the positions of pixels of the pinhole LCD panel 71 to be put 
in the open state. The display control circuit 1 80 corresponds to the "display control means" of the invention, and the 
scan address specifying portion 183 primarily corresponds to the "optically opening/closing cell control means" of the 
invention. 

15 [0113] A description will now be made with reference to Figs. 24 through 26 and further Figs. 27 and 28 on the oper- 
ation of the three-dimensional image display having the above-described configuration. Fig. 27 shows the picture LCD 
panel 70 and pinhole LCD panel 71 as viewed from above, and Fig. 28 shows the same as viewed sideways. The illus- 
trations of those figures omit the light source portion and diffusing plate. 

[0114] Similarly to the above-described embodiments, in an image processor which is not shown, a plurality of sets 

20 of partial image data are generated by inverting image data that represent each part of a three-dimensional image to 
be displayed on a two-dimensional basis from each of view points different from each other and are input to the data 
input portion 181 (Fig. 26) of the display control circuit 180 as two-dimensional still image data 48. The method for gen- 
erating the "partial image data" is as described in the above-described embodiments. To display a three-dimensional 
dynamic image, a plurality of sets of partial image data as described above are generated for each of three-dimensional 

25 images representing a continuous scene and are sequentially input to the data input portion 181. 

[0115] The two-dimensional still image data 48 input to the data input portion 1 81 are temporarily stored in the data 
buffer 182. The data input portion 181 extracts a synchronizing signal 184 for each set of the partial image data from 
the two-dimensional still image data 48 and outputs it to the scan address specifying portion 1 83 and data buffer 1 82. 
Upon receipt of the same, the scan address specifying portion 183 outputs a scan address signal 186 to the pinhole 

30 LCD panel 71 and picture LCD panel 70 to specify the positions of partial image display regions SP of the picture LCD 
panel 70 to be activated and the positions of pinhole pixels PX of the pinhole LCD panel 71 to be put in the open state. 
The data buffer 182 extracts a set of partial image data from the accumulated two-dimensional still image data 48 and 
supplies the same to the picture LCD panel 70 at timing in synchronism with the synchronizing signal 1 84 from the data 
input portion 181. The partial image data supplied from the data buffer 182 are supplied to the specified partial image 

35 display regions SP of the picture LCD panel 70 to drive each pixel. 

[0116] Referring to Fig. 24, light emitted by a light source portion which is not shown is uniformly diffused by the 
diffusing plate which is not shown to impinge upon each of the pixels of the picture LCD panel 70. The light incident 
upon each of the pixels is subjected to intensity modulation in accordance with data of the corresponding pixel in partial 
image data and then divergingly exits each of the pixels. In this case, the intensity modulation performed at each pixel 

40 may be modulation into two levels, i.e., "0" and "1" or may alternatively be multi-level modulation into three or more lev- 
els similarly to that in the above-described embodiments. 

[0117] Among beams of light divergingly exiting the pixels of a partial image display region SP as shown in Fig. 24, 
beams of light toward a pinhole pixel PX in the open state of the pinhole LCD panel 71 travel straightly without being 
refracted by the entrance surface 73a of the entrance plate 73 to pass through the pinhole pixel PX in the open state of 
45 the pinhole LCD 72 and further travel straightly without being refracted by the exit surface 74a of the exit plate 74 to exit 
the pinhole LCD panel 71, as shown in Fig. 25. 

[0118] Such an operation is performed for each set of the partial image data in synchronism with the synchronizing 
signal 84. Specifically, as shown in Fig. 27, an active partial image display region SP of the picture LCD panel 70 is 
shifted bit by bit in the horizontal direction to SP1 through SPn. In conjunction therewith, the pinhole pixel PX in the open 

50 state of the pinhole LCD 72 of the pinhole LCD panel 71 is shifted bit by bit in the horizontal direction to PX1 through 
PXn (n = N-H1+1 ) and, at the same time, one set of partial image data are read from the data buffer 82 and are sup- 
plied to the active (or selected) partial image display region SP of the picture LCD panel 70. When the scan and shift in 
the horizontal direction is terminated, as shown in Fig. 28, the partial image display region SP of the picture LCD panel 
70 and the pinhole pixel PX of the pinhole LCD 72 are both shifted one bit in the vertical direction, and scan and shift 

55 as described above is performed at the positions in the vertical direction. 

As the active partial image display region SP of the picture LCD panel 70 is scanned and shifted in the vertical direction 
to SP1 through SPm, the pinhole pixel PX in the open state of the pinhole LCD 72 is scanned and shifted in the vertical 
direction to PX1 through PXm (m = M-V1+1 ). As a result, a beam of light exits from each of the pixels of the pinhole 
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LCD 72 at a small time difference. 

[0119] For example, when the picture LCD panel 70 and the pinhole LCD 72 are entirely scanned in a period of 
about 1/30 of a second, a viewer Q in front of the pinhole LCD panel 71 feels as if a multiplicity of point light source 
images were formed in the space in front of the pinhole LCD panel 71 by beams of light exiting the pixels of the pinhole 

5 LCD 72 because of an after-image phenomenon in his or her eyes. Those point light source images are distributed not 
only in horizontal and vertical directions but also in the direction of a depth to form a three-dimensional still image as a 
whole. Therefore, the viewer Q can view a stereoscopic spatial image in that space. At this time, by varying the magni- 
tude of modulation at pixels of the partial image display regions SP associated with each other at each of the partial 
image display regions SP, it is possible to represent even variation of luminance depending on the movement of the view 

io point and to represent a state of reflection of light on a metal surface. The present embodiment also makes it possible 
to display a three-dimensional dynamic image by providing a plurality of sets of partial image data as described above 
for each of three-dimensional images representing a continuous scene and by supplying them to the partial image dis- 
play regions SP sequentially. Display of a three-dimensional dynamic image will now be described with reference to 
examples of specific numerical values. 

15 [0120] Let us assume here, as shown in Fig. 29 that a partial image display region SP of the picture LCD panel 70 
in Fig. 24 is formed by, for example, 15x9 pixels and that the pinhole LCD 72 of the pinhole LCD panel 71 is formed 
by, for example. 16x9 pixels. It is assumed that the driving speed of the pixels of the picture LCD panel 70 is, for exam- 
ple, 1 M-sec. Then, the time required for displaying one partial image at the partial image display region SP is 0.135 
msec, because 15x9x1 usee. = 135. Therefore, the time required for scanning the entire pinhole LCD 72 (or the time 

20 required for displaying one three-dimensional still image) is about 20 msec, because 16 x 9 x 0.135 msec. = 19.44. The 
time can thus be sufficiently reduced to 30 msec, or less which is the frame period of a normal television. It is therefore 
possible to display a three-dimensional dynamic image which gives the viewer Q no feeling of wrongness. 
[0121] Let us assume here that the pinhole LCD 72 of the pinhole LCD panel 71 is formed by, for example, 16x9 
pixels; a partial image display region SP of the picture LCD panel 70 is formed by 64 x 36 pixels; and 1 8 dots simulta- 

25 neous sampling is performed at a driving speed of the pixels of the picture LCD panel 70 of, for example. 1 usee. Then, 
the time required for displaying one partial image at the partial image display region SP is 0.128 msec, because 64 x 
36 x 1 nsec./18= 128. Therefore, the time required for scanning the entire pinhole LCD 72 (or the time required for dis- 
playing one three-dimensional still image) is about 18 msec, because 16x9 xO. 128 msec. = 18.432. It is therefore pos- 
sible to represent a three-dimensional dynamic image with higher definition. 

30 [0122] As mentioned at the beginning of the description of the present embodiment, in the above-described second 
embodiment, a spatial stereoscopic image viewed by a viewer Q may have a low angular resolution because of rela- 
tively large intervals D between the pinhole elements 62 which are attributable to the fact that partial images are dis- 
played by the LCDs 60 that are fixedly provided (Fig. 21) and that the pinhole elements 62 are fixedly provided in 
association with the LCDs 60. On the contrary, the three-dimensional image display of the present embodiment has an 

35 improved angular resolution because the pinhole pixels PX of the pinhole LCD 72 serving as pinholes are close to each 
other. Further, since the present embodiment has a configuration in which "pinhole pixels PX in the open state" are 
sequentially shifted to sequentially display two-dimensional images (partial images) in an overlapping relationship on a 
two-dimensional image display plate (the picture LCD panel 70) behind the same, the total number of pixels of the LCDs 
used in the display as a whole can be small even if displaying with higher definition is attempted. 

[Fourth Embodiment] 

[0123] A fourth embodiment of the invention will now be described. 

[0124] In the third embodiment, as mentioned in the description of the specific example, even if the driving speed 
45 of the pixels of the picture LCD panel 70 is increased and multiple dot simultaneous sampling is performed, the number 
of pixels forming the picture LCD panel 70 and pinhole LCD panel 71 can not be very large in consideration to the fact 
that the time required for displaying one three-dimensional still image is to be equal or shorter than 30 msec, to allow 
display of a dynamic image. In order to achieve an improvement in this point, according to the present embodiment, a 
plurality of three-dimensional image displays having the configuration described in the third embodiment are arranged 
so and are driven in parallel. 

[0125] Fig. 30 shows a schematic configuration of a three-dimensional image display according to the fourth 
embodiment of the invention. As shown in the figure, the three-dimensional image display of the present embodiment 
has: a pinhole LCD assembly panel 81 formed by arranging k pinhole LCD panels 71 (hatched parts) having the same 
configuration (having an n x m pixel, configuration) as that in the third embodiment (Fig. 24) in each of the horizontal 
55 and vertical directions; and a large picture LCD panel 80 formed by arranging pixels in a quantity greater than that of 
the picture LCD panel 70 shown in Fig. 24 described above. A combination of a part of the large picture LCD panel 80 
and a pinhole LCD panel 71 corresponds to the "basic unit" of the present invention. 

[0126] Let us assume that the total number of the pixels of the pinhole LCD assembly panel 81 is, for example, n x 
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k in the horizontal direction and m x k in the vertical direction and that the total number of the pixels of the large picture 
LCD panel 80 is, for example, n x k + 2a in the horizontal direction and m x k + 20 in the vertical direction. 
[0127] The large picture LCD panel 80 is controlled such that a plurality of partial image display regions SP includ- 
ing H1 and V1 pixels in the horizontal and vertical directions respectively are scanned and shifted pixel by pixel in the 

5 horizontal or vertical direction in parallel without overlapping with each other as pinhole pixels PX in the open state of 
the pinhole LCD assembly panel 81 are shifted. Therefore, referring to one of the pinhole LCD panels 71 of the pinhole 
LCD assembly panel 81 , the number of partial image display regions SP scanned and shifted in the horizontal direction 
(or the number of positions where the partial image display regions SP stop) is n, and the number of partial image dis- 
play regions SP scanned and shifted in the vertical direction is m. Partial image data as described in the above embod- 

70 iments are respectively supplied to the plurality of partial image display regions SP which are shifted every moment to 
form partial still images from respective different view points at the partial image display regions SP at each point in 
time. 

[0128] Pinhole pixels PX of the pinhole LCD panels 71 of the pinhole LCD assembly panel 81 are provided in posi- 
tions in a face-to-face relationship with centers of the partial image display regions SP of the large picture LCD panel 

w 80 which are sequentially shifted. The pinhole pixels PX of the pinhole LCD panels 71 are controlled such that they 
sequentially enter an open state in synchronism with the scan and shift of the partial image display regions SP of the 
large picture LCD panel 80. Therefore, among the pinhole pixels PX of the pinhole LCD assembly panel 81 , only pixels 
in each of the pinhole LCD panels 71 which are associated with active partial image display regions SP of the large pic- 
ture LCD panel 80 enter the open state. In consequence, a plurality of pinhole pixels PX of the pinhole LCD assembly 

20 panel 81 in the open state are scanned and shifted at the same speed as the scanning and shifting speed of a plurality 
of partial image display regions SP of the large picture LCD panel 80 with a constant pixel pitch maintained between 
each other. 

[0129] Light which has exited the partial image display regions SP of the large picture LCD panel 80 travel toward 
pinhole pixels PX in the open state of the respective pinhole LCD panels 71 of the pinhole LCD assembly panel 81 and 

25 straightly pass through the same as it is. A microlens in a convex configuration (not shown) is formed on the side of an 
exit surface of the large picture LCD panel 80 in association with each pixel to prevent light exiting each pixel from being 
diffused more than needed. The reason is that light exiting a partial image display region SP can impinge not only upon 
pinhole pixels PX in the open state of the pinhole LCD panel 71 of the pinhole LCD assembly panel 81 associated there- 
with but also upon pinhole pixels PX in the open state of an adjacent pinhole LCD panel 71 when the diffusing angle of 

30 the exiting light is too large. 

[0130] Other parts (e.g., a diffusing plate and a light source portion provided behind the large picture LCD panel 80, 
the section of the pinhole LCD assembly panel 81 , etc.) have configurations similar to those in the third embodiment. 
Referring to a basic configuration of a display control circuit in the three-dimensional image display, it may be configured 
as a circuit formed by arranging a plurality of the display control circuits 1 80 described in the third embodiment, although 

35 not shown. The circuit formed by arranging a plurality of the display control circuits 1 80 corresponds to the "parallel dis- 
play control means" of the invention, and a part formed by arranging a plurality of the scan address specifying portions 
83 of the display control circuits 180 corresponds to the "optically opening/closing cell parallel control means" of the 
invention. 

[0131] The operation of the three-dimensional image display having such a configuration will now be described with 
40 reference to Figs. 30, 31 A through 31 C and 32A through 32C. Figs. 31 A through 31 C show the large picture LCD panel 
80 and pinhole LCD assembly panel 81 as viewed from above, and Figs. 32A through 32C show the same as viewed 
sideways. The illustrations of those figures omit the light source portion and diffusing plate. 

[0132] In the three-dimensional image display of the present embodiment, as shown in Figs. 31 A through 31 C, in 
synchronism with bit by bit shifts of pinhole pixels PX in the open state of the pinhole LCD panels 71 of the pinhole LCD 

45 assembly panel 81 in the horizontal direction, the partial image display regions SP of the large picture LCD panel 80 
are shifted bit by bit in the same direction. At this time, new partial image data are supplied to each of the partial image 
display regions SP of the large picture LCD panel 80 each time it is shifted. Light which has exited each of the partial 
image display regions SP travels toward the pinhole pixels PX in the open state of the associated pinhole LCD panel 71 
of the pinhole LCD assembly panel 81 and straightly passes through the same as it is. Fig. 31 A shows a state of each 

so pinhole LCD panel 71 in which the pinhole pixel PX located on the left end thereof in the horizontal direction is in the 
open state. Fig. 31 B shows a state of each pinhole LCD panel 71 in which the pinhole pixel PX located in the second 
place from the left end thereof in the horizontal direction is in the open state. Fig. 31 C shows a state of each pinhole 
LCD panel 71 in which the pinhole pixel PX located on the right end thereof in the horizontal direction is in the open 
state. 

55 [0133] In each pinhole LCD panel 71 , when horizontal scan and shift of pinhole pixels PX in the open state for one 
line is terminated, as shown in Figs. 32A through 32C, the partial image display regions SP and the pinhole pixels PX 
in the open state of each pinhole LCD panel 71 are both shifted one bit in the vertical direction, and scan and shift as 
described above is performed in the horizontal direction in the positions in the vertical direction. Fig. 32A shows a state 
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of each pinhole LCD panel 71 in which the pinhole pixel PX located on the upper end thereof in the vertical direction is 
in the open state. Fig. 32B shows a state of each pinhole LCD panel 71 in which the pinhole pixel PX located in the 
second place from the upper end thereof in the vertical direction is in the open state. Fig. 32C shows a state of each 
pinhole LCD panel 71 in which the pinhole pixel PX located on the lower end thereof in the vertical direction is in the 
5 open state. Thus, pinhole pixels PX in the open state of the pinhole LCD panels 71 are scanned and shifted in the ver- 
tical direction in synchronism with the sequential scan and shift of the partial image display regions SP of the large pic- 
ture LCD panel 80. 

[0134] In such a manner, beams of light exit simultaneously (in parallel) from the pinhole pixels PX in the open state 
of each of the pinhole LCD panels 71 of the pinhole LCD assembly panel 81. Therefore, as described in the third 
70 embodiment, when the pixels throughout the pinhole LCD panels 71 are scanned in a period of about 1/30 sec, a 
viewer Q in front of the pinhole LCD assembly panel 81 feels as if a multiplicity of point light source images were formed 
in the space in front of the pinhole LCD assembly panel 81 by beams of light exiting the pixels of the same because of 
an after-image phenomenon in his or her eyes. That is, the viewer Q can view a stereoscopic spatial image in that 
space. 

15 [0135] At this time, by varying the magnitude of modulation at pixels of the partial image display regions SP, it is 
possible to represent a state of reflection of light on a metal surface or the like. A three-dimensional dynamic image can 
be displayed by preparing a plurality of sets of partial image data as described above for each of three-dimensional 
images representing a continuous scene and by supplying them to the partial image display regions SP. Display of a 
three-dimensional dynamic image will now be described with reference to examples of specific numerical values. 

20 [0136] Similarly to the specific example of the third embodiment (Fig. 29), let us assume here that a partial image 
display region SP of the large picture LCD panel 80 is formed by, for example, 15x9 pixels; a pinhole LCD panel 71 of 
the pinhole LCD assembly panel 81 is formed by, for example, 16x9 pixels: and k, a and p in Fig. 30 are 64, 7 and 4, 
respectively. In this case, as shown in Figs. 33 and 34, the size of the large picture LCD panel 80 is 1 038 x 584 pixels, 
and the size of the pinhole LCD assembly panel 81 is 1 024 x 576 pixels. Fig. 33 shows the large picture LCD panel 80 

25 and pinhole LCD assembly panel 81 as viewed from above, and Fig. 34 shows the same as viewed sideways. The illus- 
trations of those figures omit the light source portion and diffusing plate. 

[0137] Let us assume here that the driving speed of the pixels of the large picture LCD panel 80 is, for example, 1 
usee. Then, the time required for displaying one partial image at a partial image display region SP is 0.135 msec, sim- 
ilarly to the specific example of the third embodiment. Therefore, the time required for displaying one three-dimensional 
30 still image is about 20 msec. The time can thus be sufficiently reduced to 30 msec, or less which is the frame period of 
a normal television, which makes it possible to display a three-dimensional dynamic image which gives the viewer Q no 
feeling of wrongness. 

[0138] Thus, in the three-dimensional image display of the present embodiment, as apparent from Figs. 33 and 34 
showing a specific example, partial images formed in the respective partial image display regions SP of the large pic- 

35 ture LCD panel 80 behind the pinhole LCD assembly panel 81 are projected in the space in front through each of a mul- 
tiplicity of (here, 1 024 x 576) pixels forming the panel 81 , thereby displaying a three-dimensional image which has unity 
as a whole at high speed. It is therefore possible to display three-dimensional images including even dynamic images 
with high definition. In addition, since the pinhole pixels PX of the pinhole LCD assembly panel 81 functioning as pin- 
holes are close to each other similarly to the third embodiment, a sufficient angular resolution can be achieved. That is, 

40 the three-dimensional image display of the present embodiment is capable of providing a three-dimensional dynamic 
image with quality which is good enough from any of viewpoints of the resolution of displayed images, angular resolu- 
tion, naturalness of dynamic images. 

[0139] Further, since the present embodiment has a configuration in which "pinhole pixels PX in the open state" are 
sequentially shifted to sequentially display two-dimensional images (partial images) in an overlapping relationship on a 
45 two-dimensional image display plate (the large picture LCD panel 80) behind the same, similar to that in the third 
embodiment, the total number of pixels of the LCDs used in the display as a whole can be small even if displaying with 
higher definition is attempted. Therefore, the three-dimensional image display can be very much compactly configured 
compared to that of the first or second embodiment and can be satisfactorily used in, for example, a stereoscopic tele- 
vision for home use or the like. 

50 

[Fifth Embodiment] 

[0140] A fifth embodiment of the invention will now be described. 

[0141] Fig. 35 shows a schematic configuration of a three-dimensional image display according to a fifth embodi- 
55 ment of the invention. The same figure shows the display as viewed directly from above. This display has: a light source 
portion 201 capable of emitting parallel beams of white light, an LCD 203 for spatially modulating the light emitted by 
the light source portion 201 to form and output a two-dimensional color image; a beam expander formed by a con- 
denser lens 204, a collimator lens 205 or the like sequentially provided behind (on the light emitting side of) the LCD 
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203; a deflecting plate 206 provided behind the collimator lens 205; and a lenticular plate 207 provided in tight contact 
with a rear surface of the deflecting plate 206. The LCD 203 along with a part of a control circuit 210 to be described 
later primarily corresponds to the "two-dimensional image forming means" of the invention, and the deflecting plate 206 
primarily corresponds to the "deflecting means" of the invention. 
5 [0142] The light source portion 201 is formed by, for example, a high luminance light-emitting body such as a halo- 
gen lamp and a reflecting mirror such as a rotary ellipsoidal mirror or the like and is capable of emitting parallel beams 
of white light. 

[0143] The beam expander formed by the condenser lens 204 and collimator lens 205 is provided for expanding the 
width of parallel beams of light exiting the LCD 203. For example, a Fresnel lens as illustrated is used as the collimator 
to lens 205. 

[0144] The lenticular plate 207 is constituted by a multiplicity of very small semicylindrical lenses extending in the 
horizontal direction, arranged in the vertical direction, and it has a function of diffusing light exiting the deflecting plate 
206 in the longitudinal, direction (vertical direction or the direction orthogonal to the plane of the figure). 
[0145] Fig. 36 shows a major part of the three-dimensional image display shown in Fig. 35 as diagonally looked 

w down, and Fig. 37 shows the major part of the three-dimensional image display as viewed sideways (in the direction of 
the arrow K in Fig. 36). As shown in those figures, light which has passed through the collimator lens 205 to be colli- 
mated is deflected when it passes through the deflecting plate 206 at an angle in accordance with the position of 
entrance in the lateral direction (or horizontal direction that is the direction orthogonal to the direction of entrance in the 
plane of the figure) and is thereafter diffused by the lenticular plate 207 in the vertical direction with an expansion at an 

20 angle a. The lenticular plate 207 corresponds to the "diffusing means" of the invention. 

[0146] For example, the LCD 203 is a single-plate color filter type liquid crystal display element having filters in 
colors R, G and B, and is configured such that it forms a two-dimensional dynamic image based on image data supplied 
by a control circuit 210 to be described later. For example, ferroelectric liquid crystal (FLC) which allows high speed 
operations are used in the liquid crystal portion. To provide a monochromatic image display, a monochromatic liquid 

25 crystal display element having no color filter may be used instead of the LCD 203. Instead of the light source portion 
201 and LCD 203, a light source portion may be provided which has a configuration including color separating means 
such as a dichroic mirror or dichroic prism for each of the colors R, G and B and three monochromatic LCDs in total (not 
shown) provided for the respective colors R, G and B. In the present embodiment, for example, a liquid crystal display 
element having 600 x 400 pixels is used as the LCD 203 for convenience in explanation. 

30 [0147] Fig. 38 illustrates a photographic principle for acquiring two-dimensional image data to be supplied to the 
LCD 203. In the present embodiment, a photographic camera (not shown) is moved stepwise along an arc EN about an 
object E from an angular direction 61 to an angular direction 660 at intervals of an angle A6. A two-dimensional image 
of the object is photographed in each angular direction 8i (i = 1 , 2, 60) and is acquired as two-dimensional still image 
data. For example, the angle AG is set at one deg. If it is assumed that one two-dimensional still image thus acquired is 

35 referred to as "an image for one field", scan in the angular directions 61 through 660 provides two-dimensional still 
images for 60 fields. In the following description, the two-dimensional still images obtained by the scan in the angular 
directions 91 through 660 are referred to as "images for 60 space fields". The image acquisition in the angular directions 
61 through 660 is controlled such that it is performed at respective points in time t1 through t60. 
[0148] When the acquisition of the images for 60 space fields in the angular directions 61 through 660 is completed, 

40 further images for the 60 space fields in the angular directions 61 through 660 are acquired at subsequent points in time 
t61 through t120. Thereafter, the acquisition of images for 60 space fields each is similarly repeated. When this is 
repeated 60 times, images for 3600 fields are acquired in total. For a certain angular direction 6i of interest, images for 
60 fields are acquired at points in time ti through t(i + 60 x 59). In the following description, two-dimensional still images 
acquired at points in time ti through t(i + 60 x 59) in each angular direction 8i is referred to as "images for 60 time fields". 

45 [0149] If it is assumed here that images forthe 60 space fields in the angular directions 61 through 660 are acquired 
in a period of 1/60 sec, an image acquisition period At is 1/3600 sec, and images for 3600 fields are acquired in one 
sec. 

[0150] A set of two-dimensional still images thus acquired can be regarded as a series of two-dimensional dynamic 
images. The two-dimensional dynamic images are subjected to a compression process according to the MPEG to be 
50 described later or the like and are recorded in a recording medium such as a video CD as compressed dynamic image 
data. Compressed dynamic image data reproduced from the recording medium are subjected to a decompression proc- 
ess to be described later and a predetermined modulation process and are thereafter supplied to the LCD 203 to form 
two-dimensional dynamic images on the same. 

[0151] The description continues with reference to Fig. 35 again. The deflecting plate 206 is provided for deflecting 
55 light that has exited the collimator lens 205 in the horizontal direction such that it will travel in different directions as time 
passes, and it is formed using an element referred to as "polymer dispersed liquid crystal (PDLC)" or "liquid crystal pol- 
ymer composite" as shown in Fig. 40 to be described later. This polymer dispersed liquid crystal element has a function 
of allowing an opaque state and a transparent state to be switched depending on the viewing angle utilizing an effect of 
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a match between the refractive indices of the polymer and liquid crystal which is achieved by applying a voltage to the 
composite of the polymer and liquid crystal to align the orientation of the liquid crystal molecules with the direction of 
the electric field. 

[0152] For example, in accordance with the photographic conditions described with reference to Fig. 38, the 
present embodiment has a configuration as shown in Fig. 35 in which the field angle G is 60 deg. and the angular res- 
olution A9 is one deg. In this case, the deflecting plate 206 has a function of causing a part of light vertically entering 
the same from the collimator lens 205 to sequentially exit in angular directions 91 through 660 with increments of one 
deg. In the present embodiment, angular scan at angles 91 through 960 (hereinafter referred to as "beam deflecting 
scan") is performed in a period of 1/60 sec. in synchronism with the above-described timing for image formation at the 
LCD 203, and the beam deflecting scan is performed 60 times to display a three-dimensional dynamic image. In this 
case, for example, a viewer G1 in the angular direction 91 will see 60 two-dimensional still images in one sec, and those 
still images are viewed as a dynamic image for one sec. as a result of an after-image phenomenon in the eyes of the 
viewer G1. For example, a viewer G2 (or G3) in the angular direction 930 (or 960) will see 60 two-dimensional still 
images in one sec. from a view point different from that for the still images viewed in the angular direction 91 , and they 
are viewed as a dynamic image for one sec. For example, if it is assumed that two-dimensional image data supplied to 
the LCD 203 are obtained with the setting shown in Fig. 38, the viewers G1 , G2 and G3 in the angular directions 91 , 
930 and 060 will see images from view points different from each other, for example, as shown in Figs. 39A through 
39C. 

[0153] The configuration of the deflecting plate 206 will be described in more detail. 

[0154] Fig. 40 is an enlarged view of a sectional structure of the deflecting plate 206 in the horizontal direction. In 
order to avoid complexity of illustration, diagonal lines to indicate a section are omitted in Fig. 40 and Figs. 41 and 42 
to be described later. As shown in Fig. 40, the deflecting plate 206 in the present embodiment is constituted by a poly- 
mer dispersed liquid crystal element as described above, and it has a polymer/liquid crystal composite layer 206c 
formed by dispersing needle-shaped liquid crystal molecules 206b of a few microns or less in a polymeric material 206a 
and has stripe electrodes 206d and 206e with a microscopic width which are formed on an entrance surface and an exit 
surface of the polymer/liquid crystal composite layer 206c such that they face each other with the polymer/liquid crystal 
composite layer 206c interposed and such that they extend in the direction orthogonal to the plane of the figure. The 
polymer/liquid crystal composite layer 206c corresponds to the "variable transmitting direction type liquid crystal ele- 
ment" of the invention. 

[0155] While the stripe electrodes 206d and 206e may be provided such that the directions of the stripes (the lon- 
gitudinal directions of the electrodes) are in parallel with each other as described above, the so-called simple matrix 
arrangement may be employed. Alternatively, an active matrix arrangement configured using TFTs (thin film transistors) 
or the like may be employed. In those cases, the deflecting direction can be controlled on a two-dimensional basis. 
[0156] A scattering surface 206f capable of uniformly scattering incident light is formed on the entrance side of the 
polymer/liquid crystal composite layer 206c. The stripe electrodes 206d and 206e are formed by transparent conductive 
films such as ITOs (indium tin oxides) or the like and extend in the direction orthogonal to the plane of the figure (longi- 
tudinal direction). A predetermined voltage is selectively applied between the stripe electrodes 206d and 206e. Light 
transmitted by one pixel of the LCD 203 (Fig. 35) vertically impinges upon the deflecting plate 206 such that it spans a 
plurality of stripe electrodes 206d. The stripe electrodes 206d and 206e are arranged at a pitch which is kept as small 
as possible provided that the 60 angular directions 91 through 960 can be accommodated. 

[0157] Liquid crystal optical axes (longitudinal axes) of the liquid crystal molecules 206b are oriented in random 
directions in the polymeric material 206a when no voltage is applied thereto. In this state, the effective refractive index 
of the liquid crystal molecules 206b and the refractive index of the polymeric material 206a do not match, and the pol- 
ymer/liquid crystal composite layer 206c as a whole is in an opaque and white state as a result of a light scattering effect 
at interfaces between the liquid crystal molecules 206b and polymeric material 206a. On the contrary, when a voltage 
is selectively applied between the stripe electrodes 206d and 206e, the direction of the optical axes of the liquid crystal 
molecules 206b are aligned in coincidence with the direction of the electric field within a small range of expansion of the 
resultant electric field. As a result, the apparent refractive index of the liquid crystal molecules 206b will, have a value 
nO which is a value of the liquid crystal molecule 206b associated with normal beams of light. Therefore, the use of a 
polymeric material 206a having a value substantially equal to nO eliminates the difference between the refractive indi- 
ces of the liquid crystal molecules 206b and polymeric material 206a at interfaces between them, which reduces the 
light scattering effect in the direction of the electric field to make the polymer/liquid crystal composite layer 206c trans- 
parent. Specifically, only light scattered at the scattering surface 206f in the direction of the electric field only exits. 
[0158] The selective application of a voltage to the stripe electrodes 206d and 206e is controlled such that the appli- 
cation of the voltage to a pair of electrodes is sequentially shifted from left to right in the figure while keeping the direc- 
tion of a straight line connecting a pair of electrodes to which the voltage is applied in alignment with the angular 
direction 91 . More specifically, scan for applying a pulse voltage to the stripe electrodes 206e arranged on the side of 
the exit surface sequentially (hereinafter referred to as "voltage application scan) is performed in synchronism with volt- 
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age application scan for applying a pulse voltage to the stripe electrodes 206d arranged on the side of the entrance sur- 
face sequentially at predetermined time intervals. At this time, control is performed to maintain a horizontal offset 
distance associated with the angular direction 0i between a stripe electrode 206d on the side of the entrance surface to 
which the voltage is applied and a stripe electrode 206e on the side of the exit surface to which the voltage is applied. 

5 [0159] For example, Fig. 40 shows a state at a certain moment during voltage application scan such that the direc- 
tion of a straight line connecting a pair of electrodes to which a voltage is applied coincides with the angular direction 
©1 . Fig. 41 shows a state at a moment when the electrodes to which a voltage is applied are shifted four places from 
those in the state shown in Fig. 40. Those figures show a case in which voltage application scan is performed on two 
pairs of stripe electrodes 206d and 206e in parallel in order to reduce the time required for voltage application scan in 

70 each angular direction fii. In order to achieve a further reduction of the time required for voltage application scan, volt- 
age application scan may be performed on three or more pairs of stripe electrodes 206d and 206e in parallel. When 
such parallel scan is performed, however, the plurality of pairs of stripe electrodes 206d and 206e must be sufficiently 
spaced from each other in order to prevent electrical fields generated by them from interfering with each other. Obvi- 
ously, scan may be performed such that a voltage is applied to only a pair of stripe electrodes 206d and 206e at a time. 

w [0160] For example, let us assume here that L represents the thickness of the polymer/liquid crystal composite 
layer 206; p represents the pitch at which the stripe electrodes 206d and 206e are arranged; ni represents the number 
of horizontal offset pitches between the stripe electrodes 206d and 206e associated with the direction of an exit angle 
8i (angular direction 0i); and di represents a horizontal offset distance di between both electrodes associated with the 
angular direction 0i. Then, the number of horizontal offset pitches between the stripe electrodes 206d and 206e asso- 

20 ciated with an angular direction 0i is expressed by the following Equation (1) where i = 1, 2, n because 
tanSi = di/L = p x ni/L . 

ni = Lxtan8/p (1) 

25 [0161] When voltage application scan on pairs of the stripe electrodes 206d and 206e is performed such that the 
number of horizontal offset pitch given by the Equation (1) is maintained, only light in an angular direction 0i is selected 
to exit the deflecting plate 206. 

[0162] When the scan in the angular direction 6i is terminated, scan in an angular direction 0(i + 1 ) will follow. Such 
voltage application scan in the horizontal direction is performed for each of the angular directions 61 through 960. Fig. 

30 42 shows a state at a certain moment during voltage application scan in the angular direction 060. In the present 
embodiment, voltage application scan for one angular direction 0i is performed in a time period of 1/3600 sec. There- 
fore, the time required for voltage application scan for all of the angular directions 01 through 060 is 1/60 sec. Since the 
orientation of the liquid crystal molecules 206b has hysteresis, the oriented state is maintained for a certain time even 
after the electric field moves away from the molecules. Therefore, the LCD 203 may be caused to display an image in 

35 a period of 1/3600 sec. after such orientation scan is performed throughout the deflecting plate 206. More specifically, 
let us assume that a scan duty ratio defined as the ratio of actual time required for voltage application scan to the period 
of the voltage application scan (= 1/3600 sec.) is 50 % or less and that a display duty ratio defined as the ratio of an 
actual display time to the display period of the LCD 203 (= 1 /3600 sec.) is also 50 % or less. Then, one cycle of voltage 
application scan and display of one image on the LCD 203 is performed in a period of 1/3600 sec. When matrix elec- 

40 trades are used instead of the stripe electrodes 206d and 206e as described above, halftones can be displayed by tem- 
porarily disturbing the orientation of the liquid crystal molecules 206 and by orienting only a part of the liquid crystal 
molecules 206 in one pixel in an angular direction 0i. 

[0163] For example, the polymer/liquid crystal composite layer 206c is formed using a method wherein a solution 
of a polymer and a liquid crystal is applied to a substrate and the solvent is evaporated thereafter or a method utilizing 

45 an effect of formation of small liquid crystal droplets as a result of deposition of the liquid crystal that occurs when mon- 
omers of a polymeric material is polymerized and hardened. However, it may be formed using other methods. For 
example, it may have a structure in which a nematic liquid crystal is dispersed in an aqueous solution of polyvinyl alco- 
hol (PVA) or the like to form microcapsules of liquid crystal droplets or a structure in which a small amount of a gelatine 
polymeric material is dispersed in a liquid crystal. While spherical liquid crystal molecules are used in a conventional 

so polymer dispersed liquid crystal, it is desirable that liquid crystal molecules have a needle-like shape for applications 
like the present embodiment in which they must have directivity. For example, methods for forming such a needle- 
shaped liquid crystal includes a method in which a liquid crystal is deposited in a uniform magnetic field to form micro- 
capsules. According to this method, needle-shaped liquid crystal molecules 206b are formed as a result of a tidal effect 
in the direction of a magnetic field. 

55 [0164] Fig. 43 shows a schematic configuration of a control circuit of the three-dimensional image display according 
to the present embodiment. The control circuit 210 performs a predetermined signal process on two-dimensional image 
data reproduced by an image reproducer 211 from a recording medium 211a such as a video CD (compact disk) or 
DVD (digital video disk), supplies the resultant data to the LCD 203 and controls deflection at the deflecting plate 206 
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in synchronism with the timing at which the two-dimensional image data are supplied to the LCD 203. For example, the 
two-dimensional image data recorded in the recording medium 21 1a are acquired based on the photographic principle 
illustrated in Fig. 38. The two-dimensional image data supplied to the control circuit 210 are not limited to data repro- 
duced by the image reproducer 21 1 and may alternatively be data transmitted over a transmission channel such as a 
s communication network. 

[0165] The control circuit 210 has: a demultiplexer 21 2 for separating data read by the image reproducer 211 from 
the recording medium 21 1a into two-dimensional image data, audio data and text data; an input buffer 213 constituted 
by a frame memory or the like connected to an output end of the demultiplexer 212; and an MPEG (Moving Picture 
Experts Group) decoder 214 connected to an output end of the input buffer 213. The control circuit 210 also has: an 

w intermediate buffer 215 connected to an output end of the MPEG decoder 214; a video signal processing portion 228 
connected to an output end of the intermediate buffer 21 5; an output buffer 21 7 connected to an output end of the video 
signal processing portion 228; and an LCD driver 218 connected to an output end of the output buffer 217 and con- 
nected to the input side of the LCD 203 (Fig. 35). The control circuit 21 0 further has: a deflection controller 220 for con- 
trolling the deflecting operation of the deflecting plate 206 (Fig. 35); a deflection driver 221 connected to an output end 

15 of the deflection controller 220 and connected to the input side of the deflecting plate 206; and a PLL (phased locked 
loop) circuit 219 for performing control to synchronize the deflection controller 220 and LCD driver 218. The circuit 
formed by components from the demultiplexer 212 up to the LCD driver 218 primarily corresponds to the "image forma- 
tion control means" of the invention. The PLL circuit 219, deflection controller 220 and deflection driver 221 , along with 
the above-described deflecting plate 206, primarily correspond to the "three-dimensional image forming means" of the 

20 invention. The input buffer 21 3 and MPEG decoder 214 correspond to the "receiving means" and "decoding means" of 
the invention, respectively. 

[0166] The demultiplexer 212 separates compressed image data from data reproduced by the image reproducer 
21 1 and inputs the same to the input buffer 213. The MPEG decoder 214 is provided for performing a decompression 
process on the compressed image data input from the input buffer 213, a decoding process on a video format and the 

25 like. The video signal processing portion 228 is provided for performing a video signal modulation process and the like 
on two-dimensional image data input from the intermediate buffer 215 depending on a deflecting direction. The video 
signal modulation process is performed to change the width of an image to be displayed on the LCD 203 in the horizon- 
tal direction (a display magnification) depending on a deflecting direction, and a description on this process will follow. 
The LCD driver 21 8 generates a drive signal 223 having a frequency and a voltage waveform suitable for the driving of 

30 the LCD 203 based on a video signal from the output buffer 217 and supplies the same to the LCD 203. 

[0167] In the present embodiment, a video signal supplying frequency for the LCD 203 is 3600 fields/sec. There- 
fore, if the LCD 203 is adapted for color display with, for example, 600 x 400 pixels, the frequency of the drive signal 
223 or the switching frequency of the pixels of the LCD 203 is 3600 x 600 x 400 x 3 = 2592 MHz. This frequency is a 
value which can be readily achieved by normal LCD drivers arranged in parallel. 

35 [0168] The LCD driver 218 also transmits a basic clock signal 224 at 360 Hz serving as the basis of timing for sup- 
plying a video signal to the PLL circuit 219. 

[0169] The PLL circuit 219 performs control to achieve a phase lock between the basic clock signal 224 from the 
deflection controller 220 and a clock signal 225 from the LCD driver 21 8 to feed back a locked clock signal 226 to the 
deflection controller 220. 

40 [0170] The deflection controller 220 outputs a deflection control signal 227 for controlling timing for deflection at the 
deflecting plate 206 in synchronism with the clock signal 226 locked by the PLL circuit 219. In the present embodiment, 
the frequency of the deflection control signal 227 is 3600 Hz. The deflection driver 221 generates a drive signal suitable 
for the driving of the deflecting plate 206, i.e., a drive signal 229 having a voltage waveform and a frequency which can 
be applied to the stripe electrodes 206d and 206e of the deflecting plate 206 based on the deflection control signal 227 

45 from the deflection controller 220, and supplies the same to the deflecting plate 206. One scan across the deflecting 
plate 206 is to be performed in association with an image for one field (1 /3600 sec.) of the LCD 203. For this purpose, 
the frequency of the drive signal 229 applied to the stripe electrodes 206d and 206e of the deflecting plate 206 may be 
set at about 3600 x 1 0 Hz, for example, if the number of electrodes per pixel is 1 0, although it depends on the pitch (or 
the number) of the stripe electrodes 206d and 206e. 

50 [0171] The operation of the three-dimensional image display having the above-described configuration will now be 
described. 

[0172] First, the operation of the control circuit 21 0 will be described with reference to Fig. 43. 
[0173] The image reproducer 21 1 reproduces data recorded in the recording medium 211a in a compressed form 
and supplies the same to the demultiplexer 212. The demultiplexer 212 separates the received data into two-dimen- 
55 sional dynamic image-data, audio data and text data. The dynamic image data thus separated are input to the MPEG 
decoder 21 4 through the input buffer 21 3. 

[0174] The MPEG decoder 21 4 performs a decompression process on the compressed image data input from the 
input buffer 21 3 and a decoding process and the like on the video format thereof and outputs the result. The video signal 
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output by the MPEG decoder 214 is input to the video signal processing portion 228 through the intermediate buffer 
215. 

[0175] The video signal processing portion 228 performs a magnification modulating process (hereinafter referred 
to as "image width modulating process") and the like on the video signal input from the intermediate buffer 215 such 

5 that an image width in accordance with a deflecting direction is achieved. A detailed description will be made below on 
the image width modulating process with reference to Figs. 44 and 45 and Figs. 46A through 46C. 
[0176] Fig. 44 schematically illustrates the relationship between the deflecting direction of light exiting the deflecting 
plate 206 (the projecting direction of a two-dimensional image) and the width of an image as viewed in the projecting 
direction. The width W1 of the image as viewed by a viewer in the projecting direction is expressed by the following 

w Equation (2) where W represents the width of beams of light representing the two-dimensional image which have exited 
the LCD 203 (not shown in the figure) and have impinged upon the deflecting plate 206, and 8 represents an angle 
defined between the projecting direction of the image and a perpendicular through the deflecting plate 206, i.e., the exit 
angle, as shown in the same figure. 

is W1 = W x cos5 (2) 

[0177] Therefore, in order to make the width of the image as viewed by a viewer located in the direction at the exit 
angle 8 equal to the intrinsic (original) value, the width W1 of the original image must be subjected to modulation 
expressed by the following Equation (3) to form an image with a corrected width W at the LCD 203. 

20 

W = W1/cosS (3) 

[0178] Fig. 45 is a graphical representation of the modulation function shown in the above Equation (2). This figure 
shows a case wherein the field angle is 60 deg. As shown in the figure, as the angle defined by the projecting direction 

25 and the perpendicular through the deflecting plate 206, i.e., the exit angle 5 changes from "-30 deg." to "0 deg." and 
then to "+30 deg.", the value of the modulation function Changes from "2/(3 1/2 )" to "1" and then to "2/(3 1/2 )" again. 
Therefore, if it is assumed, for example, that an image viewed by a viewer G2 (Fig. 35) in the frontal direction of the 
deflecting plate 206 (8 = 0 deg.) is as shown in Fig. 46B, while an image to be formed on the LCD 203 in association 
with this direction (5=0 deg.) (for example, an image at a point in time t30) may be the same in width as the image in 

30 Fig. 46B, an image to be formed on the LCD 203 in association with the direction of a viewer G1 (8 = -30 deg.) (for 
example, an image at a point in time t1) must be an image which is expanded in the lateral direction like that shown in 
Fig. 46A. Such image width modulation allows correct images as shown in Figs. 39A through 39C to be viewed from all 
directions. 

[0179] Referring again to the Fig. 43, the operation of the control circuit 21 0 will be described. A video signal output 
35 by the video signal processing portion 228 is input to the LCD driver 21 8 through the output buffer 217. The LCD driver 
21 8 generates a drive signal 223 having a frequency and a voltage waveform suitable for the driving of the LCD 203 
based on the video signal from the output buffer 217 and supplies it to the LCD 203. As a result, a two-dimensional 
image whose contents change at a speed as high as 3600 Hz, i.e., a dynamic image is formed at the LCD 203. 
[0180] The deflection controller 220 outputs a deflection control signal 227 for controlling the timing for deflection at 
40 the deflecting plate 206 in synchronism with a clock signal 226 locked by the PLL circuit 21 9. The deflection driver 221 
generates a drive signal 229 based on the deflection control signal 227 from the deflection controller 220 and supplies 
it to the deflecting plate 206. As a result, the deflecting plate 206 deflects the projecting direction of the two-dimensional 
image in synchronism with changes in the two-dimensional image formed at the LCD 203. 

[0181] More specifically, as shown in Figs. 40 through 42, the drive signal 229 is sequentially and selectively 
45 applied between the stripe electrodes 206d and 206e to achieve a uniform orientation of the liquid crystal molecules 
206b in the direction of connecting those electrodes, which causes light to exit only in that direction. Such voltage appli- 
cation scan is performed at a rate of one cycle per 1/3600 sec. A two-dimensional image for one field is maintained on 
the LCD 203 during that period. Therefore, one two-dimensional still image is formed at each point in time tj (j = 1, 2, 
3600), and the two-dimensional still image is projected by the deflecting plate 206 in one projecting direction asso- 
50 dated with the two-dimensional still image. Then, as shown in Fig. 35, deflecting scan at points in time t1 through t60 
causes two-dimensional still images for 60 space fields to be projected in respective angular directions 91 through 960. 
Thereafter, deflecting scan at points in time t61 through t120 causes two-dimensional, still images for 60 space fields 
to be projected in respective angular directions 91 through 960. Thereafter, the projection of images for 60 space fields 
are similarly repeated with the angle varied. This is repeated 60 times to project images for 3600 fields in total. 
55 [0182] In this case, for a certain angular direction 9i of interest, two-dimensional still images for 60 time fields are 

viewed at points in time ti, t(i+60), t(i+60x2) t(i+60x59). For example, a viewer G1 located in the angular direction 

91 (Fig. 35) views two-dimensional still images for 60 time fields in total having contents associated with the angular 
direction 91 at points in time t1 , t61, t121, t3541. That is, the viewer G1 views images for 60 fields per second, and 



25 



EP 1 069 454 A1 



the viewer feels as if a dynamic image similar to a dynamic image displayed by a normal television receiver were dis- 
played because of the effect of an after-image phenomenon in his or her eyes as long as the positions of the viewer's 
eyes are fixed. 

[0183] If the viewer G1 moves to the right to face the display, for example, in the angular direction 910, the viewer 
5 G1 views two-dimensional still images for 60 time fields in total having contents associated with the angular direction 
G1 0 at points in time t1 0, t70, t80 t3550. The view point for the contents of the two-dimensional still images associ- 
ated with the angular direction 91 0 is different from the view point for the contents of the two-dimensional still images 
associated with the angular direction 91. As a result, the viewer G1 views a set of two-dimensional images from different 
view points projected by the deflecting plate 206 as a stereoscopic dynamic image or three-dimensional dynamic 
io image. 

[0184] A description will now be made with reference to Figs. 47 and 48 on a method of compressing image data 
supplied to the three-dimensional image display. 

[0185] While image data to serve as a basis of an image formed by the LCD 203 of the three-dimensional image 
display is obtained, for example, using the photographic method shown in Fig. 38 as described above, the image data 
15 are similar to normal dynamic image data in that the contents of the image continuously change as time passes. It is 
therefore possible and preferable to perform image compression according to the MPEG which is commonly used for 
dynamic images on the image data. 

[0186] Fig. 47 illustrates a method of applying the dynamic image compression method according to the MPEG to 
the three-dimensional image display according to the present embodiment. As described above, image data supplied 

20 to the LCD 203 in the present embodiment can be regarded as dynamic image data with 3600 fields/sec. As shown in 
Fig. 47, three types of compressed images (which are simply referred to as "pictures" in the figure), i.e., l-pictures, B- 
pictures and P-pictures are generated based on images at points in time tj. The l-pictures correspond to the "first com- 
pressed encoded data" of the invention, and the B-pictures and P-pictures correspond to the "second compressed 
encoded data" of the invention. 

25 [0187] As shown in Fig. 48, an l-picture is referred to as "in-frame encoded image" or "intra encoded image" and is 
a picture formed by compressing an original still image for one field as it is independently of other fields. The description 
is based on an assumption that the terms "frame" and "field" mean the same thing. A P-picture is referred to as "inter- 
frame forward predictive encoded image" or "predictive encoded image" and is a picture which is formed by motion vec- 
tors representing the amounts of changes from the previous (preceding) field. A B-picture is referred to as "bidirection- 

30 ally predictive encoded image" and is a picture formed by using motion vectors representing the amounts of changes 
from not only the previous (preceding) field but also future (the succeeding) field. 

[0188] Such l-pictures, B-pictures and P-pictures are arranged in the order of "I, B, B, P" or "P, B, B, P" as shown in 
Fig. 47 to form one GOP (group of pictures) from 60 pictures. Such a GOP serves as a unit for random access, and 
GOPs are formed such that l-pictures are always placed at the respective leading positions, i.e., the positions of the 
35 points in time t1,t61,t121, ...,t3541. 

[0189] Dynamic image compression using such a method makes it possible to compress image data in a tremen- 
dous quantity of 3600 fields/sec. efficiently. This makes it possible to reduce the amount of consumption of a recording 
area of the recording medium 21 1a in Fig. 43 and to substantially achieve high speed data transfer and band compres- 

40 [0190] As described above, in the three-dimensional image display according to the present embodiment, a two- 
dimensional image that changes depending on time (that is, a kind of two-dimensional dynamic image) is formed by the 
LCD 203, and beam deflecting scan is performed to deflect the projecting direction of the two-dimensional image with 
the deflecting plate 206 such that the two-dimensional image thus formed is sequentially projected in different directions 
in accordance with the time-dependent changes of the two-dimensional image. Thus, the two-dimensional image that 

45 changes depending on time is converted into a set of two-dimensional images from view points different from each 
other and, as a result, the set of those two-dimensional images can be viewed as a three-dimensional image. The three- 
dimensional image thus viewed is a stereoscopic image which is more realistic in that lateral surfaces of the object can 
be viewed by moving the view point laterally instead of being a quasi-stereoscopic display image according to prior art 
that utilizes parallax between the left and right eyes of a person. That is, the three-dimensional image display of the 

so present embodiment makes it possible to display a stereoscopic image without using holography according to prior art 
or parallax of the eyes. 

[0191] In the present embodiment, since a two-dimensional image formed by the LCD 203 is simply deflected and 
projected with the deflecting plate 206, light is utilized more efficiently than in the first through fourth embodiments to 
allow an image to be displayed with higher luminance. 
55 [0192] The present embodiment makes it possible to view a three-dimensional dynamic image by performing beam 
deflecting scan for deflecting the projecting direction of a two-dimensional image repeatedly in short periods and by 
making a difference between the contents of a two-dimensional image projected in a particular direction in a certain 
deflecting scan period and the contents of a two-dimensional image projected in the particular direction in the next 
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deflecting scan period. That is, the three-dimensional image display of the present embodiment makes it possible to 
achieve display of a three-dimensional dynamic image which has been difficult with lens plate three-dimensional image 
display techniques based on the IP method and holographic techniques in prior art. 

[0193] In the present embodiment, while high speed display characteristics can be guaranteed by using, for exam- 
5 pie, a ferroelectric liquid crystal as the LCD 203, it is however difficult to represent a halftone with a single pixel in the 
present situation of the art. In this case, for example, a halftone may be achieved by driving each pixel 203a of an LCD 
203 shown in Fig. 49 on a time division basis. The example in the figure shows a stripe type LCD in which color filters 
for Ft, G and B are respectively formed on three pixel electrodes that constitute one pixel. 

[0194] In order to represent halftones, as shown in Fig. 50, a period for one field (that is 1/3600 sec. in this case) is 
to divided into, for example, three periods x1 through t3, and pixels are selectively driven in each period. In the figure, the 
hatched parts represent undriven electrodes, and the parts which are not hatched represent driven electrodes. A pixel 
driven in none of the three periods x1 through x3 has a composite luminance at [level 0], and a pixel driven in all of the 
three periods t1 through t:3 has a composite luminance at [level 3]. A pixel driven in only one of the periods has a com- 
posite luminance at [level 1], and a pixel driven in two periods has a composite luminance at [level 2]. In this case, con- 
w sequently, a single pixel can represent tones at four levels. While R, G and B pixels are driven simultaneously (at a time) 
in the example of the figure in order to simplify the explanation and facilitate understanding, it is obvious that each of R, 
G and B pixels may be independently driven to provide halftones of each arbitrary color. 

[0195] For example, as shown in Fig. 51 , halftones can be represented by driving four pixels adjacent to each other 
on a space division basis. The parts in the figure which are not hatched represent driven pixels. In this case, none, one, 
20 two, three or all of the four pixels may be selected and driven. This makes it possible to represent tones at 5 levels from 
[level 0] up to [level 4]. In the case of such a spatial synthetic technique, it is also possible to provide halftones of each 
arbitrary color by driving each of R, G and B pixels independently. Further, a combination of time division and space 
division makes it possible to represent a greater number of tones. 

[0196] While the present embodiment has been described on an assumption that the angular resolution or the 
25 intervals of deflecting angles provided by the deflecting plate 206 are 1 deg. by way of example, a three-dimensional 
image with higher definition can be obtained by defining deflecting angles at smaller intervals. In this case, as shown in 
Figs. 52 and 53, for example, a new angular direction 6(i+1/2) may be provided between angular directions Oi and 
6(i+1). For this purpose, an image for one field is projected and displayed by performing voltage application scan twice, 
for example, as shown in Fig. 53. Specifically, voltage application scan is performed with a deflecting direction initial, 
30 value of 01 . and an incremental angle of 1 deg. at the first scan [s1], and voltage application scan at the second scan 
[s2] may be performed with the deflecting direction initial, value shifted 0.5 deg. and with an incremental angle of 1 deg. 
similar to that for the first scan. In this case, it is possible to achieve a spatial resolution which is twice that in the above- 
described embodiments. 

[0197] In addition, when an image for one field is projected and displayed by performing voltage application scan 

35 twice, projection and display can be performed in 120 angular directions in spite of the fact that the frequency is 60 
angular directions x 60 fields/sec. = 3600 fields/sec. For example, while driving must normally be performed at a fre- 
quency as high as 1 20 angular directions x 60 fields = 7200 fields/sec. to project and display an image for one field in 
one cycle of voltage application scan with an incremental angle of 0.5 deg., driving is facilitated when an image for one 
field is projected and displayed by performing voltage application scan twice as described above because there is no 

40 need for increasing the frequency. 

[0198] Similarly, each of the angular direction intervals of 60 angular directions may be divided into five directions 
to project and display an image for one field through five cycles of scan. In this case, projection occurs in angular direc- 
tions of 1 deg., 2 deg., 3 deg 60 deg. at the first scan; projection occurs in angular directions of 1 .2 deg, 2.2 deg., 

3.2 deg 60.2 deg. at the second scan; projection occurs in angular directions of 1 .4 deg., 2.4 deg., 3.4 deg 60.4 

45 deg. at the third scan; projection occurs in angular directions of 1 .6 deg., 2.6 deg., 3.6 deg , 60.6 deg. at the fourth 

scan; and projection occurs in angular directions of 1 .8 deg., 2.8 deg., 3.8 deg., 60.8 deg. at the fifth scan. Then, 

projection occurs again in angular directions of 1 deg., 2 deg., 3 deg 60 deg. at the sixth scan. By repeating this 

thereafter, steps of 0.2 deg. can be introduced to the spatial resolution. In addition, the frequency of 60 angular direc- 
tions x 60 fields/sec. = 3600 fields/sec. may be kept unchanged in this case. Consequently, an effect can be achieved 

50 which is equivalent to a five-fold increase of the spatial frequency to 60 x 60 x 5 = 1 8000 fields/sec. 

[0199] The deflecting angle intervals may conversely be set at 1 deg., and an image for one field may be projected 
and displayed through two cycles of scan. Specifically, projection occurs in odd angular directions of 1 deg., 3 deg., 5 
deg., 59 deg. at the first scan, and projection occurs in even angular directions of 2 deg., 4 deg., 6 deg., 60 deg. 
at the second scan. In this case, a spatial resolution similartothat in the above-described embodiment can be achieved 

55 in spite of a lower frequency of 30 angular directions x 60 fields = 1 800 fields/sec. 

[0200] Further, the deflecting angle intervals may be set at 1 deg., and an image for one field may be projected and 
displayed through five cycles of scan. Specifically, projection occurs in angular directions of 1 deg., 6 deg., 1 1 deg., 
56 deg. at the first scan; projection occurs in angular directions of 2 deg., 7 deg., 12 deg., 57 deg. at the second 
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scan; projection occurs in angular directions of 3 deg., 8 deg., 13 deg 58 deg. at the third scan; projection occurs 

in angular directions of 4 deg., 9 deg., 14 deg., 59 deg. at the fourth scan; and projection occurs in angular directions 

of 5 deg., 10 deg., 15 deg 60 deg. at the fifth scan. Then, projection occurs again in angular directions of 1 deg., 6 

deg., 11 deg 56 deg. at the sixth scan. This is repeated thereafter. Although the frequency is further reduced to 12 

angular directions x 60 fields = 720 fields/sec. in this case, a substantial spatial resolution will be similar to that in the 
above-described embodiment because the resolving power of human eyes is not so high. That is, a sufficient reduction 
of the driving frequency can be achieved without reducing the spatial resolution. This makes it possible to configure a 
driver at a relatively low cost. 

[0201 ] A modification of the present embodiment will now be described. 

[0202] Fig. 54 shows an external configuration of a deflecting prism array 21 6 as deflecting means to replace the 
deflecting plate 206 in Fig. 35 and shows a state of the same as looked down diagonally. The deflecting prism array 21 6 
has a plurality of microscopic rotary prisms 216b provided such that each of them can rotate about a rotational axis 
216a. All of the rotary prisms 216b have the same configuration and are arranged such that the rotational axes 216a 
positioned in parallel at constant intervals. For example, the rotary prisms 216b are formed as triangular columns as 
illustrated. For example, the sectional configuration of them may be in the form of an equilateral triangle, an isosceles 
triangle or any other triangle. Those rotary prisms 216b rotate in the same direction in synchronism with each other at 
the same rotating speed. The rotary prisms 21 6b correspond to the "rotatably disposed prisms" of the invention. 
[0203] Figs. 55A through 55Eshow how the deflecting direction of light exiting a certain rotary prism 216 of interest 
changes as the rotary prism 216b rotates. As shown in those figures, incident light exits the rotary prism 216b after 
being deflected as a result of a refracting action in a quantity in accordance with the angle of rotation of the same. 
Therefore, by rotating all of the rotary prisms 216b in synchronism as described above, it is possible to cause incident 
light to exit with deflection at angular directions 91 through G60 simultaneously. Fig. 54 shows a state in which exiting 
light is deflected by 5i relative to the direction of incident light to exit in an angular direction Gi. 

[0204] The rotary prisms 21 6b are not limited to triangular columns and, for example, square column rotary prisms 
216b 1 having a sectional configuration as shown in Fig. 56 may be employed. The apical angle r| of the rotary prisms 
216b and 216b' maybe determined in accordance with the required maximum deflecting angle. Specifically, the greater 
the apical angle t|, the greater the maximum deflecting angle. 

[0205] A plurality of rotatable microscopic reflecting mirrors may be disposed instead of the rotary prisms 21 6b to 
deflect light by reflecting the light with those reflecting mirrors. In this case, the reflecting mirrors correspond to the 
"rotatably disposed reflecting mirrors" of the invention. The rotary prisms or rotary mirrors are not limited to those rotat- 
ing only in the seine direction, and they may perform a swinging operation which is bidirectional rotation, i.e., a swinging 
rotary operation. 

[Sixth Embodiment] 

[0206] A sixth embodiment of the invention will now be described. 

[0207] Fig. 57 shows a schematic configuration of a three-dimensional image display according to a sixth embodi- 
ment of the invention. The same figure shows a state of the display as viewed directly from above. In the figure, com- 
ponents which are identical to components shown in Fig. 35 are indicated by like reference numbers, and the 
description will omit them appropriately. 

[0208] The three-dimensional image display of the present embodiment has a deflecting plate 226 which is formed 
using a hologram instead of the deflecting plate 206 in the fifth embodiment. The deflecting plate 226 can reciprocate 
a predetermined stroke in a direction orthogonal to the direction of incident light (the direction of the arrow X1). The opti- 
cal configuration and arrangement of the same are otherwise similar to those in Fig. 35. The present embodiment is 
also based on an assumption that the number of pixels of an LCD 203 in the horizontal direction is also 600 for conven- 
ience in explanation and understanding. 

[0209] Fig. 58 is an enlarged view of a part of a section of the deflecting plate 226 in the horizontal direction. The 

figure omits batching at the sectional region. The deflecting plate 226 has eleven deflecting regions Hr (r = 1, 2 11) 

having the same structure. Each of the deflecting regions Hr has a width corresponding to the total width of 60 beams 
of incident light which have entered after being transmitted by 60 respective pixels (not shown) provided in the horizon- 
tal direction of the LCD 203. Each of the deflecting regions Hr includes 60 deflecting cells HC(r,i) (r = 1 , 2 1 1 and i 

= 1,2, 60). Therefore, the deflecting plate 226 as a whole has 660 deflecting cells HC(r,i). However, as described 
later, there are only 600 simultaneously used deflecting cells, i.e., deflecting cells upon which incident beams of light 
impinge at a certain moment among those 660 deflecting cells HC(r,i). The deflecting plate 226 reciprocates a stroke 
corresponding to 60 deflecting cells HC(r,i) (the above-described predetermined stroke). 

[0210] The deflecting cells HC(r,i) are in the form of stripes elongate in the vertical direction (the direction orthogo- 
nal to the plane of the drawing in Fig. 58) and are capable of deflecting incident beams of light in respective unique hor- 
izontal directions 0i (i = 1, 2, 60). Specifically, a deflecting region Hr deflects an incident beam of light at a certain 
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point in time tj (j = 1 , 2 3600) in a direction which is uniquely defined in accordance with the position of incidence of 

the incident beam of light. In other word, an incident beam of light PBv (v = 1 , 2, 600) for 60 pixels incident upon a 
certain single deflecting region Hr is deflected in 60 angular directions 61 through 660 different from each other. If it is 
assumed here that the field angle 6 is 60 deg., the angle A6 of the interval between adjoining angular directions is 1 
5 deg. similarly to that in the fifth embodiment. 

[0211] One deflecting region Hr corresponds to a screen dot 141 forming a part of the above-described three- 
dimensional screen 140 shown in Fig. 19, and one deflecting cell HC(r,i) corresponds to a space coordinate specifying 
cell 142a. The deflecting plate 226 having a plurality of such deflecting regions Hr may be formed using, for example, a 
hologram as described later. 

to [0212] Fig. 59 shows apart of the section of the deflecting plate 226 at a higher magnification. This figure also omits 
hatching at the sectional region. As shown in this figure, the deflecting plate 226 is formed by sequentially stacking 
deflecting layers 226B, 226G and 226R and a protective layer 226b on a base material 226a. Each of the deflecting lay- 
ers 226B, 226G and 226R is a hologram layer in which information is recorded in the form of a three-dimensional inter- 
ference pattern utilizing volume holography. Those hologram layers are formed of hologram materials whose optical 

w characteristics such as the refractive index, dielectric constant and reflectivity change depending on the intensity of light 
when irradiated by the light. However, the optical characteristics of the deflecting layer 226R are changed only by red 
(R) light; the optical characteristics of the deflecting layer 226G are changed only by green (G) light; and the optical 
characteristics of the deflecting layer 226B are changed only by blue (B) light. For example, photopolymers or the like 
may be used as such hologram materials. All of R-, G-and B-light included in light incident upon one deflecting cell 

20 HC(r,i) of a certain deflecting region Hr are deflected in the same direction 6i. For example, Fig. 59 shows a state in 
which all of R-, G- and B-incident light incident upon the deflecting cell HC(1,1) of the deflecting region H1 are deflected 
in the direction 61 and in which all of R-, G- and B-incident light incident upon the deflecting cell HC(1 ,60) are deflected 
in the direction 660. 

[0213] Next, a description will be made with reference to Figs. 60 through 63 and 64A through 64F on the operation 
25 of the three-dimensional image display according to the present embodiment. Figs. 60 through 62 show how incident 
beams of light exit the deflecting plate 226 in Fig. 57 under deflection thereby as the plate 226 reciprocates in the direc- 
tion of the arrow X1, and Fig. 63 specifically shows how the exiting directions of the incident beams of light under deflec- 
tion sequentially change in the range from 61 to 660 as time passes. 

[0214] As shown in Figs. 60 through 62, 600 beams of incident light PBv (v = 1 , 2, 3, 600) which have entered 
30 through respective 600 pixels in the horizontal direction of the LCD 203 impinge upon the deflecting plate 226. 

[0215] At the first point in time t1, the deflecting plate 226 is located at the right end of its stroke as shown in Fig. 
60, and the 600 beams of incident light PBv respectively impinge upon the deflecting cells HC(1 ,1) through HC(10, 60) 
in the deflecting regions H1 through H10. Specifically, the beams of incident light PB1 through PB60 respectively 
impinge upon the deflecting cells HC(1 ,1) through HC(1 ,60) in the deflecting region H1 , and the beams of incident light 
35 PB61 through PB120 respectively impinge upon the deflecting cells HC(2,1) through HC(2,60) in the deflecting region 
H2. Similar actions follow, and the beams of incident light PB541 through PB600 respectively impinge upon the deflect- 
ing cells HC(1 0,1) through HC(10,60) in the deflecting region H10. As shown in Figs. 60 and 63, at the point in time t1, 

60 beams of incident light incident upon each deflecting region Hr exit the same while being respectively deflected by 
the deflecting cells into the angular directions 61 through 660 in the left-to-right order shown in the figures. The vertical 

40 direction of Fig. 63 represents the direction in which time passes front the point in time t1 to the point in time t3600, and 
the beams of incident light PBv (v= 1 , 2, 600) are shown in the lateral direction. The angular directions 6i of deflected 
exiting light are shown at intersections of the vertical and lateral direction. 

[0216] At the next point in time t2, the deflecting plate 226 is shifted to the left in an amount corresponding to one 
deflecting cell, although not shown. As a result, the 600 beams of incident light PBv respectively impinge upon the 

45 deflecting cells HC(1,2) through HC(1 1,1) in the deflecting regions H1 through H1 1. Specifically, the beams of incident 
light PB1 through PB60 respectively impinge upon the deflecting cells HC(1 ,2) through HC(2,1) in the deflecting regions 
H1 and H2, and the beams of incident light PB61 through PB1 20 respectively impinge upon the deflecting cells HC(2,2) 
through HC(3,1) in the deflecting regions H2 and H3. Similar actions follow, and the beams of incident light PB541 
through PB600 respectively impinge upon the deflecting cells HC(1 0,2) through HC(11,1) in the deflecting regions H10 

50 and H1 1 . As shown in Fig. 63, at the point in time t2, 60 beams of incident light incident upon each deflecting region Hr 
exit the same while being respectively deflected by the deflecting cells into the angular directions 62 through 960 and 

61 in the left-to-right order shown in the figures. 

[0217] Fig. 61 shows a state at the point in time t31 . At this time, the deflecting plate 226 is shifted to the left by a 
distance corresponding to 30 deflecting cells from the initial position (Fig. 60). Therefore, the 600 beams of incident light 
55 PBv respectively impinge upon the deflecting cells HC(1,31) through HC(11,30) in the deflecting regions H1 through 
H1 1 . Specifically, the beams of incident light PB1 through PB60 respectively impinge upon the deflecting cells HC(1 ,31 ) 
through HC(2,30) in the deflecting regions H1 and H2, and the beams of incident light PB61 through PB120 respectively 
impinge upon the deflecting cells HC(2,31 ) through HC(3,30) in the deflecting regions H2 and H3. Similar actions follow, 
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and the beams of incident light PB541 through PB600 respectively impinge upon the deflecting cells HC(1 0,31) through 
HC(1 1 ,30) in the deflecting regions HI 0 and H1 1 . As shown in Fig. 61 and also assumed from Fig. 63, at the point in 
time t31, 60 beams of incident light incident upon each deflecting region Hr exit the same while being respectively 

deflected by the deflecting cells into the angular directions 031 660 630 in the left-to-right order shown in the 

s figures. 

[0218] Fig. 62 shows a state at the point in time t60. At this time, the deflecting plate 226 is shifted to the left by a 
distance corresponding to 59 deflecting cells from the initial position (Fig. 60) to be located at the left end of its stroke. 
At this time, the 600 beams of incident light PBv respectively impinge upon the deflecting cells HC(1,60) through 
HC(1 1 ,59) in the deflecting regions HI through H1 1 . Specifically, the beams of incident light PB1 through PB60 respec- 

70 tively impinge upon the deflecting cells HC(1 ,60) through HC(2,59) in the deflecting regions H1 and H2, and the beams 
of incident light PB61 through PB120 respectively impinge upon the deflecting cells HC(2,60) through HC(3,59) in the 
deflecting regions H2 and H3. Similar actions follow, and the beams of incident light PB541 through PB600 respectively 
impinge upon the deflecting cells HC(10,60) through HC(11,59) in the deflecting regions H10 and H1 1. As shown in 
Figs. 62 and 63, at the point in time t60, 60 beams of incident light incident upon each deflecting region Hr exit the same 

15 while being respectively deflected by the deflecting cells into the angular directions 660, 61 , 659 in the left-to-right 
order shown in the figures. 

[0219] For example, referring to the beams of incident light PB1 , PB61, PB121 , PB541 in Fig. 63, the angular 
direction of each exiting light sequentially changes from 61 to 960 during the period between the points in time t1 and 
t60 and sequentially changes from 960 to 91 during the period between the points in time t61 and t120 to return to the 

20 initial direction. The angular direction of the exiting light sequentially changes again from 01 to 660 during the period 
between the points in time t1 21 andt180, and sequentially changes from 660 to 91 during the period between the points 
in time t1 81 and t240 to return to the initial direction. Thereafter, the sequential change from 61 to 960 and from 660 to 
61 is similarly repeated on a cycle of 120 points in time (120 space fields). In consequence, 30 strokes (3600/120) of 
beam deflecting scan are performed during 3600 space fields from the point in time t1 up to the point in time t3600. 

25 [0220] For example, referring to the beams of incident light PB2, PB62, PB122, PB542 in Fig. 63, the angular 
direction of each exiting light sequentially changes from 92 to 960 and then to 91 during the period between the points 
in time t1 and t60, and sequentially changes from 91 to 960 and then to 92 during the period between the points in time 
t61 and t120 to return to the initial direction. Thereafter, the sequential change from 62 to 660 and then to 61 and from 
61 to 660 and then to 92 is similarly repeated on a cycle of 120 space fields. In consequence, 30 strokes of beam 

30 deflecting scan are also performed during 3600 space fields from the point in time t1 up to the point in time t3600. 

[0221] The same applies to the beams of incident light PB3, PB63, PB 123 PB543 through PB60, PB120, 

PB180, PB600. In consequence, 30 strokes of beam deflecting scan are performed during 3600 space fields for 
each of the beams of incident light PBv. If it is assumed that the time interval (i.e., one space field) is 1/3600 sec, 30 
strokes of beam deflecting scan are performed per second. For this purpose, the deflecting plate 226 may be recipro- 

35 cated 30 times per second in a stroke corresponding to 60 deflecting cells. 

[0222] As shown in Fig. 57, for example, a viewer G1 located in the angular direction 91 views two-dimensional, 
images projected from the deflecting plate 226 in the angular direction 61 in 60 time fields in total, i.e., points in time t1 , 
t120, t121, t240, t3541. A viewer G3 located in the angular direction 660 views two-dimensional images projected 
from the deflecting plate 226 in the angular direction 660 in 60 time fields in total, i.e., points in timet60, t61, t180, t181, 

40 t3600. In each of other angular directions 9i, two-dimensional images projected from the deflecting plate 226 are 
viewed. 

[0223] Consequently, the viewer G1 views images for 60 fields per second similarly to the fifth embodiment (Fig. 
35), and the viewer feels as if a dynamic image similar to a dynamic image displayed by a normal television receiver 
were displayed as long as the positions of the his or her eyes are fixed. If the viewer G1 moves to the right to face the 

45 display, for example, in the angular direction 910, the viewer G1 views two-dimensional still images for 60 time fields in 
total having contents associated with the angular direction 610 at points in times associated with the angular direction 
910. The view point for the contents of the two-dimensional still images associated with the angular direction 910 is dif- 
ferent from the view point for the contents of the two-dimensional still images associated with the first angular direction 
61 . As a result, the viewer G1 views a set of two-dimensional images from different view points projected by the deflect- 

50 ing plate 226 as a stereoscopic dynamic image or three-dimensional dynamic image. 

[0224] In the present embodiment, however, since beam deflecting scan at the deflecting plate 226 is performed 
bidirectionally (back and forth), if two-dimensional image data supplied to the LCD 203 are acquired using the photo- 
graphic method shown in Fig. 38 in the fifth embodiment, it is necessary to change the order in which the two-dimen- 
sional, image data are supplied to the LCD 203. Alternatively, the order in which the picture-taking direction is switched 

55 during the photographic operation (i.e., switching of photographic cameras) may be matched to the order of the bidirec- 
tional beam deflecting scan at the deflecting plate 226 of the three-dimensional image display in advance. 
[0225] A description will now be made with reference to Figs. 64A through 64F on differences and similarities 
between principles behind beam deflecting scan using a deflecting plate in the present embodiment and the fifth 
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embodiment. Figs. 64A through 64C schematically illustrate the principle behind beam deflecting scan in the fifth 
embodiment, and Figs. 64D through 64F schematically illustrate the principle behind beam deflecting scan in the 
present embodiment. In those figures, nine beams of incident light that constitute a two-dimensional image formed by 
the LCD 203 (which is not shown in those figures) are indicated by respective reference numbers © through ® forcon- 
5 venience in explanation. 

[0226] In the fifth embodiment, as shown in Figs. 64A through 64C, the beams of incident light © through © are 
simultaneously deflected by the deflecting plate 206 in the same direction at each time. Strictly speaking, there is slight 
time differences in the timing of deflection between the beams of light, but it may be thought that the beams of light are 
deflected simultaneously because the time differences are quite small. 

to [0227] Specifically, the two-dimensional image formed by the LCD 203 is projected only in a direction Ga at the point 
in time toe shown in Fig. 64A; the two-dimensional image formed by the LCD 203 is projected only in a direction 9f! at 
the point in time tp shown in Fig. 64B; and the two-dimensional image formed by the LCD 203 is projected only in a 
direction Oyatthe point in time ty shown in Fig. 64C. In addition, the two-dimensional images projected by the deflecting 
plate 206 at points in time ta, tp and ty are images photographed from view points associated with the respective pro- 

w jecting directions. As a result, a viewer will see a three-dimensional image in the space as described with reference to 
Fig. 35. 

[0228] In the present embodiment, as shown in Figs. 64D through 64F, the beams of light © through ® are not 
simultaneously deflected by the deflecting plate 206 in the same direction. Specifically, a part of the two-dimensional 
images formed by the LCD 203 at the points in time ta tp and ty are projected in different directions 6a, 9P and Gy, 
20 respectively. 

[0229] Specifically, at the timing ta shown in Fig. 64D, a part of the two-dimensional image formed by the LCD 203 
represented by three beams of incident light ©, © and © projected in the direction Gre; a part of the same represented 
by three beams of incident light ©, © and © is projected in the direction OP; and a part of the same represented by 
three beams of incident light ® , © and ® is projected in the direction Gy. At the timing tp shown in Fig. 64E, a part of 

25 the two-dimensional image formed by the LCD 203 represented by the three beams of incident light @, © and ® is 
projected in the direction 6a; a part of the same represented by the three beams of incident light ® , © and © is pro- 
jected in the direction 9P; and a part of the same represented by the three beams of incident light ® , © and © is pro- 
jected in the direction Py. At the timing ty shown in Fig. 64F, a part of the two-dimensional image formed by the LCD 203 
represented by the three beams of incident light © , © and © is projected in the direction 6a; a part of the same rep- 

30 resented by the three beams of incident light ©, @ and © is projected in the direction op; and a part of the same rep- 
resented by the three beams of incident light © , ® and © is projected in the direction Gy. 

[0230] It is apparent from Figs. 64D through 64F that, for a certain direction 6a of interest, the projection of a two- 
dimensional image in the direction 9a occurs in three steps at points in time ta, tp and ty. Specifically, the beams of light 
©, @ and © are projected in the direction Ga at the point in time ta; the beams of light ©, © and ® are projected in 
35 the direction 9a at the point in time tp; and the beams of light ®, © and © are projected in the direction Ga at the point 
in time ty. If we take up the direction 6p, the projection of a two-dimensional image in the direction ep also occurs in three 
steps at points in time ta, tp and ty. This also applies to the direction 6y. 

[0231] When one space field is 1/3600 sec. as described above, the maximum time difference between the points 
in time ta, tp and tyis 1/60 sec. Therefore, a viewer can not distinguish in practice a view of one two-dimensional image 

40 projected on a time division basis as shown in Figs. 64D through 64F and a view of one two-dimensional image pro- 
jected at a time as shown in Figs. 64A through 64C. That is, a three-dimensional image similar to that in the fifth embod- 
iment is viewed even when deflecting scan on a time division basis as in the present embodiment is carried out. 
[0232] As described above, in the three-dimensional image display according to the present embodiment, the 
deflecting plate 226 is formed using a hologram capable of deflecting incident light in a predetermined direction in 

45 accordance with the position of incidence, which makes it possible to replicate the same part easily and to manufacture 
the deflecting plate 226 on a mass production basis at a low manufacturing cost. In the present embodiment, the 
deflecting plate 226 is only required to reciprocate in a direction orthogonal to the direction of incident light in synchro- 
nism with time-dependent changes in a two-dimensional image formed by the LCD 203, which involves a relatively sim- 
ple mechanism and control. 

50 [0233] While the deflecting plate 226 has a configuration including one deflecting region Hr corresponding to the 
stroke of the reciprocation in addition to ten deflecting regions Hr associated with the number of pixels of the LCD 203 
in the present embodiment, this is not limiting the invention. For example, as shown in Fig. 65, a deflecting plate 226' 
may be configured which has ten deflecting regions Hr associated with the number of pixels and has, for example, the 
same number of (ten) additional deflecting regions Hr. In this case, deflecting scan for 600 space fields is performed 

55 only by moving the deflecting plate 226' from an initial position (the position of the right end of the reciprocation stroke 
thereof) shown in Fig. 65 to an end position (the position of the left end of the reciprocation stroke thereof) shown in Fig. 
67. Fig. 66 shows a state in which the deflecting plate 226' has been moved a distance corresponding to six deflecting 
regions or 300 space fields. In this case, deflecting scan for 3600 space fields is performed by causing the deflecting 
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plate 226' to make six one-way movements or three reciprocating movements. That is, the deflecting plate 226' is to be 
moved at a speed to make three round trips per second. Therefore, according to the present modification, the deflecting 
plate 226' requires a simpler moving mechanism and provides high accuracy with improved facility compared to the 
deflecting plate 226 which is moved at a relatively high frequency of 30 round trips per second as described with refer- 
ence to Figs. 60 through 62. 

[Seventh Embodiment] 

[0234] A seventh embodiment of the invention will now be described. 

[0235] Fig. 68 shows a schematic configuration of a three-dimensional image display according to a seventh 
embodiment of the invention. The same figure shows the display as viewed directly from above. In the figure, compo- 
nents which are identical to components shown in Fig. 57 are indicated by like reference numbers, and the description 
will omit them appropriately. 

[0236] The three-dimensional image display of the present embodiment has a deflecting film 236 instead of the 
deflecting plate 226 in the sixth embodiment (Fig. 57). The deflecting film 236 is formed in a closed configuration like 
an endless tape and has a sectional structure including a multiplicity of deflecting regions Hr each of which includes 60 
deflecting cells HC(r,i) similarly to the deflecting plate 226 shown in Figs. 59 and 60. However, the deflecting regions Hr 
of this deflecting film 236 are continuously formed without any separation unlike the above-described deflecting plate 
226. Therefore, the number of the deflecting regions Hr may be regarded substantially infinite. 

[0237] The deflecting film 236 is stretched between a plurality of transport rollers 237a through 237d (four rollers, 
in this case). For example, the transport roller 237b among those transport rollers is driven for rotation by a motor which 
is not shown to move the deflecting film 236 in one direction (the direction of the arrow X1) at a constant speed. Each 
of the transport rollers 237a through 237d has a plurality of sprockets (not shown) which engage perforations (transport 
holes) which are not shown on the deflecting film 236 to allow the deflecting film 236 to be transported with high accu- 
racy. The basic configuration is otherwise similar to that in Fig. 57 and will not therefore be described. 
[0238] In the three-dimensional image display of the present embodiment, the deflecting regions Hr are always 
moved in a constant direction by transporting the deflecting film 236 in one direction similarly to an endless tape. As a 
result, deflecting scan of a single beam of incident light PBv by a deflecting cell HC(r,i) is always performed in one direc- 
tion (i.e., in the direction from the angular direction 61 toward the angular direction 660) on a cycle of 60 space fields 
similarly to the fifth embodiment. For example, referring to a beam of incident light PB1 of interest, this beam of light is 
deflected in the angular directions 91 through 660 during 60 space fields from a point in time t1 to a point in time t60 as 
shown in Fig. 68, and is further deflected in the angular directions 61 through 660 during 60 space fields from a next 
point in time t61. to a point in time t120. Thereafter, beam deflecting scan is similarly performed always in the angular 
directions 61 through 660 on a cycle of 60 space fields. 

[0239] In the present embodiment, there is no need for the relatively complicated mechanism for reciprocating the 
deflecting plate 226 or deflecting plate 226' in the sixth embodiment, and a mechanism to transport the deflecting film 
236 in a constant direction is sufficient. Therefore, the three-dimensional image display of the present embodiment is 
simple in structure and is suitable especially for applications in which a large screen is required as in the case of, for 
example, a movie theater. 

[0240] While the deflecting film 236 functions as transmission type deflecting means in the three-dimensional 
image display of the present embodiment, this is not limiting the invention, and a reflection type deflecting film may be 
used as deflecting means as in the embodiment described below. 

[Eighth Embodiment] 

[0241] A three-dimensional image display according to an eighth embodiment of the invention will now be 
described. 

[0242] Fig. 69 shows a schematic configuration of the three-dimensional image display according to the eighth 
embodiment of the invention. The same figure shows the display as viewed directly from above. In the figure, compo- 
nents which are identical to components shown in Fig. 68 are indicated by like reference numbers, and the description 
will, omit them appropriately. 

[0243] The three-dimensional image display is configured using a reflection type deflecting film 246. The deflecting 
film 246 is configured such that it is moved in one direction along a surface forming a part of a cylinder having a radius 
Ra when transport rollers 247a and 247b are driven for rotation. In orderto cause the deflecting film 246 to extend along 
the surface forming a part of the cylinder, for example, film guides (not shown) that extend along the surface forming a 
part of the cylinder may be provided in marginal areas at upper and lower ends of a deflecting screen surface 246a upon 
which no light impinges, to guide the deflecting film 246. 

[0244] A projecting optical system constituted by a light source portion 201 , an LCD 203, a condenser lens 204, 
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etc. is provided such that the focal point F of the condenser lens 204 is located on a central axis of the above-described 
cylindrical surface. The projecting optical system is provided in a position higher than the center of the deflecting screen 
surface 246a of the deflecting film 246 (a position on this side of the plane of the drawing), and the optical axis of the 
same extends diagonally downward toward the center of the deflecting screen surface 246a. That is, light that has 
5 exited the LCD 203 irradiates the deflecting screen surface 246a of the deflecting film 246 diagonally from above, as 
shown in Fig. 71. 

[0245] Light transmitted by the LCD 203 and collected by the condenser lens 204 spreads after focusing at the focal 
point F to impinge upon the screen surface 246a of the deflecting film 246 perpendicularly. As a result, a two-dimen- 
sional image formed by the LCD 203 is projected upon the screen surface 246a of the deflecting film 246. The term 
70 "perpendicularly" in this context means perpendicularity in the horizontal plane shown in Fig. 69 (in the plane of the 
drawing). 

[0246] Figs. 70 through 72 illustrate how the light incident upon the deflecting film 246 shown in Fig. 69 is reflected 
while being deflected. Among those figures, Fig. 70 is a horizontal sectional view showing deflection and reflection at 
deflecting cells HC(r,i) included in a single deflecting region Hr, and Fig. 71 is a bird's-eye view of the same state. Fig. 
w 72 is a horizontal sectional view showing time-dependent changes of the direction of deflection and reflection at a single 
deflecting cell HC(r,i) in a deflecting region Hr. 

[0247] As shown in those figures, in the present modification, the deflecting regions Hr are continuously formed on 
the deflecting film 246 similarly to that in the seventh embodiment. Each of the deflecting regions Hr includes 60 deflect- 
ing cells HC(r,i) formed like stripes. A beam of light transmitted by a certain pixel of the LCD 203 perpendicularly 

20 impinges upon a deflecting cell HC(r,i) in a corresponding position of the deflecting film 246. The term "perpendicularly" 
in this context means perpendicularity in the horizontal plane shown in Fig. 70 (in the plane of the drawing). Sixty beams 
of incident light PBv impinge upon one deflecting region Hrtobe reflected by the respective deflecting cells HC(r,i) while 
being deflected in the angular directions 61 through 660 in the horizontal section. On the other hand, in a vertical sec- 
tion (in a plane that extends through the axis of the cylindrical surface forming the deflecting screen surface 246a of the 

25 deflecting film 246 and that is perpendicular to the plane of Fig. 70), beams of incident light PBv incident upon the 
deflecting regions Hr diagonally from above are reflected such that they are diffused substantially uniformly upward and 
downward in the vertical section, as shown in Fig. 71. Such reflection resulting in upward and downward diffusion can 
be caused by, for example, forming a lenticular layer (not shown) having a function similar to the lenticular plate shown 
in Fig. 35 for example, on the deflecting film 246. 

30 [0248] The basic principle and action of beam deflecting scan utilizing the deflecting film 246 of the three-dimen- 
sional image display of the present embodiment are similar to those in the seventh embodiment (Fig. 68). For example, 
as shown in Fig. 72, if we take up a certain beam of incident light PBv of interest, this beam of light is reflected by 
deflecting cells HC(r,i) which sequentially move in the direction of the arrow X2 while being deflected in the angular 
directions 61 through 660. As a result, a viewer will view two-dimensional images from different view points depending 

35 on the direction of his or her own line of sight, and those images are recognized as a three-dimensional image. 

[0249] In the seventh embodiment (Fig. 68), light which has exited the LCD 203 impinges upon the deflecting film 
236 as parallel beams of light. In other words, a two-dimensional image formed by the LCD 203 is carried by a plane 
wave to reach the deflecting film 236 in the form of a plane. On the contrary, in the three-dimensional image display of 
the present embodiment, a two-dimensional image formed by the LCD 203 is carried by a spherical wave to reach the 

40 deflecting film 246 in the form of a cylindrical surface. That is, there is no need for the collimator lens 205 (Fig. 68) for 
transforming diffused beams of light into parallel beams of light. This makes it possible to reduce the number of parts 
required for the configuration of the display. 

[0250] In the present embodiment, since the reflection type deflecting film 246 is used, the projecting optical system 
can be provided on the side of a viewer. Therefore, the display substantially requires a smaller space for installation 

45 compared to that in the seventh embodiment (Fig. 68) in which the transmission type deflecting film 236 is used, which 
is advantageous especially when the display is used in a movie theater or the like where a large screen is required. 
[0251] While a part of the deflecting film 246 is formed like a cylindrical surface to perform beam deflecting scan 
using the same part in the present embodiment, this is not limiting the invention. For example, as shown in Figs. 73 and 
74, a panorama type three-dimensional image display can be provided in which an inner surface of a deflecting screen 

50 256 in the form of a cylinder is entirely used to perform beam deflecting scan. Fig. 73 is a bird's-eye view of the display 
as a whole, and Fig. 74 shows a horizontal section of the display. 

[0252] In the modification, deflecting regions Hr are continuously formed on the entire inner surface of the cylindri- 
cal deflecting screen 256 in the circumferential direction thereof without any separation in the form of vertically extend- 
ing stripes. The cylindrical deflecting screen 256 is configured such that it can rotate in one direction as a whole. In the 
55 middle of the cylindrical deflecting screen 256, a projecting optical system 258 is disposed which can form six two- 
dimensional images independent of each other in parallel and which can project them around itself. The projecting opti- 
cal system 258 is secured to a bottom portion 259, for example, with a post 257. For example, the projecting optical 
system 258 is configured with six sets of projecting optical systems each of which is constituted by the light source por- 
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tion 201, LCD 203, condenser lens 204, etc. shown in Fig. 69. 

[0253] In the present embodiment, the inner circumferential surface of the cylindrical deflecting screen 256 is 
equally divided into six partial screen surfaces such that they have a central angle of, for example, 60 deg. to provide a 
configuration in which two-dimensional images are projected upon respective partial screen surfaces from respective 

5 parts of the projecting optical system 258. The deflecting screen 256 is rotated in the direction of the arrow X3 at a con- 
stant speed in synchronism with the timing of projection of the two-dimensional images. As a result, a three-dimensional 
image is formed on each partial screen based on the same principle as described with reference to Fig. 72 to collec- 
tively provide a three-dimensional image. Therefore, a viewer G4 who is located, for example, near the center of the cyl- 
inder views a three-dimensional image on the entire surfaces surrounding him- or herself, which allows the viewer to 

to experience a view with so much presence. Therefore, the three-dimensional image display will provide people with a 
quite enjoyable attraction when introduced to, for example, various kinds of theme parks. 

[0254] In the three-dimensional image display shown in Fig. 73, a ceiling surface may be provided on top of the 
cylindrical chamber in addition to the inner circumferential surface of the cylindrical deflecting screen 256. A deflecting 
screen may be disposed on the bottom surface of the ceiling and may be rotated integrally with the cylindrical deflecting 

15 screen 256, and a two-dimensional image may be projected upon the deflecting screen on the ceiling. 

[0255] Further, a similar deflecting screen may be disposed also on the floor of the cylindrical chamber. The deflect- 
ing screen may be rotated integrally with the deflecting screen 256 on the cylindrical surface, and a two-dimensional 
image may be projected upon the deflecting screen on the floor. In this case, however, since there is a need for prevent- 
ing a viewer from being rotated, the floor may be divided into, for example, a floor in the part on which a viewer stands 

20 and a rotating floor. Alternatively, a double floor structure may be employed, an upper floor thereof on which a viewer 
stands being a fixed transparent floor, a lower floor under the same being provided with a rotatable deflecting screen 
thereon. 

[Ninth Embodiment] 

[0256] A three-dimensional image display according to a ninth embodiment of the invention will now be described. 
[0257] Fig. 75 shows major parts of a three-dimensional image display according to the ninth embodiment of the 
invention. Specifically, this figure shows a sectional structure of a deflecting plate 266 which is used, for example, 
instead of the deflecting plate 226 of the three-dimensional image display shown in Fig. 57. However, the same figure 

30 omits hatching on the sectional region in order to prevent it from confusing beams of light. 

[0258] As shown in Fig. 75, the deflecting plate 266 has a configuration including a base material 267, a multiplicity 
of electrodes 268 in the form of stripes arranged on the base material 267 such that they extend in a direction orthog- 
onal to the plane of the drawing, and a deformation layer 269 having insulation properties formed to cover the array of 
the electrodes 268. The base material 267 is formed of a transparent insulating material, and the electrodes 268 are 

35 formed of a transparent conductive material such as ITO. The deformation layer 269 is a soft layer which is in a rubbery 
state or gelatine state at room temperature and which has the property of being deforming easily when subjected to an 
external force. The deformation layer 269 is preferably formed of a material having a high dielectric constant. Counter 
electrodes 269a in the form of stripes arranged in a face-to-face relationship with the electrodes 268 are formed on a 
surface of the deformation layer 269. The counter electrodes 269a are also formed of a transparent conductive material, 

40 e.g., ITO. The deflecting plate 266 corresponds to the "deflecting means" of the invention, and the deformation layer 269 
corresponds to the "light-transmitting member". 

[0259] An action of the deflecting plate 266 having such a configuration will now be described. 

[0260] The surfaces of the deflecting plate 266 and deformation layer 269 are substantially flat in a non-operating 

state. When electric potentials with different polarities are applied to any of the electrodes 268 and the counter elec- 

45 trade 269a in a face-to-face relationship therewith, the electrode 268 and counter electrode 269a attract and approach 
each other. The thickness of the deformation layer 269 is minimized in that part, and the thickness of the deformation 
layer 269 gradually increases as that part becomes apart. When the same electric potential is applied to any of the elec- 
trodes 268 and the counter electrode 269a in a face-to-face relationship therewith, a repulsion force is generated 
between the electrode 268 and counter electrode 269a. The thickness of the deformation layer 269 is maximized in that 

so part, and the thickness of the deformation layer 269 gradually decreases as that part becomes apart. Therefore, a gen- 
tle cylindrical concave portion 269b can be formed by appropriately controlling the electric potentials applied to the elec- 
trode 268 and counter electrode 269a. A span width W2 of the concave portion 269b is set equal to the total width of 
beams of incident light for 60 pixels which have been transmitted by the LCD 203. 

[0261 ] When the position of the pair of the electrode 268 and counter electrode 269a to which the voltages are to 
55 be applied is gradually shifted, for example, in the right-to-left direction (the direction of the arrow X4) in Fig. 75, the 
deformation layer 269 is accordingly subjected to sequential deformations, and the concave portion 269b moves from 
right to left. In addition, when a negative voltage is simultaneously applied to a plurality of the electrodes 268 at a pitch 
p1 which is equal to the span width W2 of the concave portion 269b instead of applying the voltage to only one pair of 
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electrodes, concave portions 269b are periodically generated at the deformation layer 269 as shown in Figs. 75 and 76, 
and those concave portions 269b sequentially move from right to left like a travel of a wave. Fig. 76 shows a state 
observed when a certain period of time has passed since the time of the state shown in Fig. 75. Since one concave 
portion 269b acts similarly to a cylindrical concave lens, all of beams of incident light PBv for 60 pixels incident upon 

5 the concave portion 269b are deflected in different directions. Sixty beams of incident light PBv incident upon one con- 
cave portion 269b can be deflected in 60 directions, i.e., angular directions 91 through 660 by appropriately setting the 
concave configuration of the concave portion 269b, the refractive index of the deformation layer 269, etc. 
[0262] In conclusion, the deflecting plate 266 has a function similar to that of the deflecting plate 226, deflecting film 
246 or deflecting screen 256 used in the sixth, seventh or eighth embodiment (Figs. 57, 68 or 69). Therefore, the 

to deflecting plate 266 shown in Fig. 75 may be used instead of the deflecting plate 226, deflecting film 246 or deflecting 
screen 256 used in the sixth, seventh or eighth embodiment. 

[0263] When the deflecting means is formed using a hologram as in the sixth through eighth embodiments, since a 
deflecting region Hr is fixed, it is not possible to freely change the deflecting angle of each of the 60 beams of light inci- 
dent upon the deflecting region Hr and the size of the deflecting region Hr. On the contrary, in the case of the deflecting 
w plate 266 shown in Fig. 75, since the span width W2 and the depth of a concave portion 269b corresponding to a 
deflecting region Hrcan be changed by changing the number of electrodes 268 to be driven simultaneously, the mag- 
nitudes of the applied voltages, etc., the deflecting angle of each beam of light and the size of the concave portion 269b 
can be appropriately changed. 

[0264] While the counter electrodes 269a of the present embodiment are divided electrodes in the form of stripes, 
20 this is not limiting the invention. For example, a counter electrode may be formed as a single film covering the deforma- 
tion layer 269 entirely, which is shared by the plurality of electrodes 268 and which is fixed at a constant electric potential 
(e.g., a ground potential). In the case of divided counter electrodes as shown in Fig. 75, however, the polarity of the volt- 
ages applied to the electrodes 268 and counter electrodes 269a can be varied from electrode to electrode. In this case, 
electric potentials having different polarities may be applied to an electrode 268 and a counter electrode 269a, and elec- 
ts trie potentials having the same polarity may be applied to those electrodes thereafter to cause mutual repulsion 
between the electrodes. This makes it possible to perform more active control, i.e., control for removing deformation of 
the deformation layer 269 to restore the initial state by force, which allows an operation at a high speed. Further, the 
waveform of the applied voltages may be a sine wave, a saw-tooth -wave or the like, which makes it possible to control 
the direction of refraction of light freely. For example, the deformation layer 269 may be adapted to function as a set of 
30 cylindrical lenses in which the positions and curvatures of curved surfaces thereof change as time passes. 

[0265] Instead of arranging the electrodes 268 and counter electrodes 269a such that they have the same longitu- 
dinal direction (extending direction), a so-called simple matrix type arrangement may be employed in which they extend 
in directions orthogonal to each other. In this case, since intersection points between the electrodes 268 and counter 
electrodes 269a can be selected one by one, the deformation layer 269 can be deformed point by point to provide the 
35 concave portions 269b with a spherical configuration or a configuration similar thereto. This increases freedom of con- 
trol. Specifically, refraction can be caused not only in the horizontal, direction but also in the vertical direction. 
[0266] The deformation layer 269 can be deformed point by point with increased freedom if both of the electrodes 
268 and counter electrodes 269a are formed like points (or islands) instead of stripes to provide a so-called active 
matrix arrangement. Therefore, the deformation layer 269 can function like, for example, a set of a multiplicity of micro- 
40 lenses having curved surfaces with variable positions and curvatures. Since the attracting force and repulsion force 
originating from electric charges can be freely controlled, one of the groups of electrodes can be used also as elec- 
trodes for driving the LCD. 

[0267] A charge storage film may be formed in place of the counter electrodes 269a and may be charged by apply- 
ing thereto electric charges with one polarity through corona discharge or the like, and a voltage with the other polarity 
45 may be applied to the electrodes 268. Alternatively, the liquid crystal itself may be used as the deformation layer 269 
the thickness of which may therefore be controlled utilizing fluidity of the same. 

[0268] While a transmission type liquid crystal element is used as the LCD 203 in any of the above-described fifth 
through ninth embodiments, this is not limiting the invention, and the projecting optical system may be configured using 
a reflection type liquid crystal, for example, as shown in Fig. 77. Parts in this figure identical to components shown in 

50 Fig. 35 and so on are indicated by like reference numbers. 

[0269] The projecting optical system has a configuration including a reflection type LCD 303 and a polarization 
beam splitter (hereinafter referred to as "PBS") 300 instead of the transmission type LCD 203 in Fig. 35. The PBS 300 
has a polarized light splitting surface 300a which reflects s-polarized components of light in light incident thereupon and 
transmits p-polarized components of light in the same. In this projecting optical system, only s-polarized components of 

55 light in light coming from the light source portion 201 are reflected by the polarized light splitting surface 300a to reach 
the LCD 203 at which they are selectively subjected to modulation of the polarizing direction on the basis of pixels and 
are reflected. The polarizing direction of light reflected at modulated pixels is rotated 90 deg. to provide p-polarized light 
which is in turn transmitted by the polarized light splitting surface 300a of the PBS 300 to impinge upon the condenser 
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lens 204. The polarizing direction of light reflected at unmodulated pixels is not changed, and the s-polarized light 
impinges upon the polarized light splitting surface 300a of the PBS 300 as it is. The light is therefore reflected there and 
does not travel toward the condenser lens 204. 

s [Tenth Embodiment] 

[0270] A three-dimensional image display according to a tenth embodiment of the invention will now be described. 
[0271 ] In any of the above-described fifth through ninth embodiments and modifications thereof, a two-dimensional 
image is formed by the LCD 203 or the like, and the projecting direction of the two-dimensional image is deflected using 
io the deflecting means. The present invention is not limited thereto, and a configuration may be employed in which a two- 
dimensional image is formed using light deflected by the deflecting means and the two-dimensional image is projected 
as it is. An example of such a configuration will be described below. 

[0272] Fig. 78 shows major parts of a three-dimensional image display according to a tenth embodiment of the 
invention. The three-dimensional image display has: a rotational vibration mirror 31 0 which makes a rotational vibration 
15 at a predetermined angle of rotation about a rotational axis 310a; a PBS 31 1 provided in the traveling direction of light 
reflected by the rotational vibration mirror 310; a reflection type LCD 31 2 provided close to or in contact with one surface 
of the PBS 31 1 and a lenticular plate 313 provided close to or in contact with a surface of the PBS 31 1 facing the surface 
on which the LCD 312 is provided. The rotational vibration mirror 310 corresponds to the "deflecting means" of the 
invention. 

20 [0273] The PBS 31 1 has a polarized light splitting surface 31 1a which reflects s-polarized components of light and 
transmits p-polarized components of light. For example, a reflection type ferroelectric liquid crystal is used as the LCD 
312. The lenticular plate 313 is an integral array of very small semicylindrical lenses extending in a direction parallel with 
the plane of the drawing similar to the lenticular plate 201 in Fig. 35, and it has a function of diffusing light exiting the 
PBS 31 1 in a direction orthogonal to the plane of the drawing. 

25 [0274] The operation of the three-dimensional image display having such a configuration will now be described. 
[0275] As shown in Fig. 78, when the rotational vibration mirror 31 0 is in an intermediate position e2, only a beam 
of light PI2 which is a part of beams of incident light contributes to formation of a two-dimensional image by the LCD 
312. In this case, the beam of light PI2 vertically impinges upon the PBS 31 1 , and only s-polarized components thereof 
are reflected by the polarized light splitting surface 31 1a to reach the LCD 312 at which they are selectively subjected 

30 to modulation of the polarizing direction on the basis of pixels and are reflected. The polarizing direction of the light 
reflected at modulated pixels of the LCD 312 is rotated 90 deg. to provide p-polarized light which is in turn transmitted 
by the polarized light splitting surface 31 1 a of the PBS 31 1 to exit in the direction of the normal plane of the exit surface 
through the lenticular plate 313. The polarizing direction of the light reflected at unmodulated pixels of the LCD 312 is 
not changed, and the s-polarized light impinges upon the polarized light splitting surface 31 1a of the PBS 31 1 as it is. 

35 The light is therefore reflected there and does not exit the lenticular plate 313. 

[0276] As shown in Fig. 79, when the rotational vibration mirror310 is in a position e1 which is furthest from the PBS 
311, only a beam of light PI1 which is a part of beams of incident light contributes to formation of a two-dimensional 
image by the LCD 312. In this case, the beam of light PI1 impinges upon the PBS 31 1 at an angle of incidence (-0) and, 
thereafter, only s-polarized components thereof are reflected by the polarized light splitting surface 31 1a to reach the 

40 LCD 31 2 at which they are selectively subjected to modulation of the polarizing direction on the basis of pixels and are 
reflected. The light reflected at modulated pixels of the LCD 312 exits through the PBS 31 1 and lenticular plate 313 in 
a direction which is at an angle (-8) to the normal plane of the exit surface. 

[0277] As shown in Fig. 79, when the rotational vibration mirror 31 0 is in a position e3 closest to the PBS 31 1 , only 

a beam of light PI3 which is a part of beams of incident light contributes to formation of a two-dimensional image by the 
45 LCD 312. In this case, the beam of light PI3 impinges upon the PBS 31 1 at an angle of incidence (0) and, thereafter, 

only s-polarized components thereof are reflected by the polarized light splitting surface 31 1 a to reach the LCD 31 2 at 

which they are selectively subjected to modulation of the polarizing direction on the basis of pixels and are reflected. 

The light reflected at modulated pixels of the LCD 312 exits through the PBS 311 and lenticular plate 313 in a direction 

which is at an angle (5) to the normal plane of the exit surface. 
50 [0278] In consequence, the two-dimensional image formed by the LCD 312 exits the exit surface of the PBS 31 1 at 

exit angles ranging from (-5) to (8) in accordance with the rotational vibration of the rotational vibration mirror 310. As a 

result, a viewer G5 will view a three-dimensional image inside the PBS 31 1 . 

[0279] While the present embodiment employs a configuration in which light which has been deflected as a result 
of reflection at the rotational vibration mirror 310 impinges upon the LCD 31 2, this is not limiting the invention. Forexam- 
55 pie, the rotational vibration mirror 310 may be replaced with a cylindrical prism rotatable about an axis or a deflecting 
prism array 216 formed by a plurality of microscopic rotary prisms 216b each of which is rotatable about a rotational 
axis 216a, for example, as shown in Fig. 54. Light deflected by a refracting action when transmitted by the cylindrical 
prism or deflecting prism array may be projected upon the LCD 312. The rotational vibration mirror 31 0 corresponds to 
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the "rotary reflecting body" of the invention, and the cylindrical prism or deflecting prism array 21 6 corresponds to the 
"rotary refracting body" of the invention. 

[0280] A deflecting reflection mirror array 315 capable of sequentially reflecting incident light in different directions 
as time passes may be provided, for example, as shown in Fig. 80, and light deflected by the deflecting reflection mirror 

5 array 315 may be projected upon the LCD 312. A modification shown in the same figure will now be briefly described. 
[0281] Fig. 80 shows a schematic plan configuration of a three-dimensional image display according to a modifica- 
tion of the present embodiment. In the figure, components identical to components shown in Fig. 78 are indicated by 
like reference numbers and will not be described appropriately. The three-dimensional image display has: a light source 
portion 314 for emitting parallel beams of light; a PBS 31 1 upon which the light emitted by the light source portion 314 

to impinges; a reflection type LCD 31 2 provided close to or in contact with a surface of the PBS 31 1 opposite to the light 
entrance surface: a deflecting reflection mirror array 31 5 provided close to or in contact with a surface of the PBS 31 1 
orthogonal to the surface on which the LCD 312 is provided; and a lenticular plate 313 provided close to or in contact 
with a surface of the PBS 31 1 facing the surface on which the deflecting reflection mirror array 315 is provided. The 
deflecting reflection mirror array 315 corresponds to the "deflecting means" of the invention. 

w [0282] The PBS 31 1 has a polarized light splitting surface 311a which reflects s-polarized components of light and 
transmits p-polarized components of light. The deflecting reflection mirror array 315 is formed by, for example, coating 
the rotary prisms 216b forming the deflecting prism array 216 shown in Fig. 54 with a polarized light reflecting film, and 
it is capable of so-called polarized light deflecting scan for transforming incident s-polarized light into p-polarized light 
and for reflecting it in different directions sequentially as time passes. The configurations and functions of the LCD 312 

20 and lenticular plate 31 3 are the same as those in Figs. 78 and 79. 

[0283] In the three-dimensional image display having such a configuration, only p-polarized components of light 
among parallel beams of light which vertically impinge upon the PBS 31 1 from the light source portion 314 are trans- 
mitted by the polarized light splitting surface 31 1a to reach the LCD 312 at which they are selectively subjected to mod- 
ulation of the polarizing direction on the basis of pixels and are vertically reflected. The polarizing direction of the light 

25 reflected at modulated pixels of the LCD 312 is polarized 90 deg. to provide s-polarized light which is in turn reflected 
by the polarized light splitting surface 311a of the PBS 311 to impinge upon the deflecting reflection mirror array 315. 
The s-polarized light incident upon the deflecting reflection mirror array 315 is transformed into p-polarized light as a 
result of reflection at the polarized light reflecting film on the rotary prisms 216b (not shown in Fig. 80) that constitute 
the same. The light is also reflected sequentially in different directions in accordance with the rotation of the rotary 

30 prisms 216b, which results in deflection in the horizontal direction. The p-polarized light reflected by the deflecting 
reflection mirror array 315 exits through the lenticular plate 313. As a result, light exits the lenticular plate 313 at exit 
angles ranging from (-8) to 5. That is, an image formed by the LCD 312 is projected in angular directions 61 through 
G60.The polarizing direction of the light reflected at unmodulated pixels of the LCD 312 is not changed, and the p-polar- 
ized light is transmitted by the polarized light splitting surface 31 1 a as it is. Therefore, the light will not exit the lenticular 

35 plate 31 4. 

[0284] While the direction of incidence of light upon the LCD is deflected by the deflecting means interposed 
between the fixed light source and PBS in the above-described modifications (Figs. 78 and 80), for example, the light 
source 320 itself may alternatively be moved to deflect beams of light incident upon the LCD 312, as shown in Fig. 81 . 
A modification shown in the same figure will, be described below. 

40 [0285] Fig. 81 shows a schematic plan configuration of a three-dimensional image display according to a modifica- 
tion of the present embodiment. In the same figure, components identical to components shown in Fig. 78 are indicated 
by like reference numbers, and the description will omit them appropriately. The three-dimensional image display has: 
a light source 320 which is a semiconductor laser, a light-emitting diode or the like; a collimator lens 321 having a focal 
length f, a PBS 311; an LCD 312 and; a lenticular plate 313. The light source 320 is provided on the focal point of the 

45 collimator lens 321 and is configured such that it vibrates with a constant amplitude in a direction orthogonal to an opti- 
cal axis 322 on the focal plane. If the amplitude is represented by x, the angle of deflection caused by the lens 321 is 
x/(2f). Therefore, a large deflecting angle can be achieved by making the focal length f sufficiently small and making the 
amplitude x as large as possible. The light source 320 corresponds to the "reciprocating light source" of the invention, 
and the collimator lens 321 corresponds to the "optical system" of the invention. 

50 [0286] For example, a directive deflection light-emitting panel 330 whose light emitting direction changes as time 
passes may be used as the light source, as shown in Fig. 82. A modification shown in the same figure will be briefly 
described below. 

[0287] Fig. 82 shows a schematic plan configuration of a three-dimensional image display according to a modifica- 
tion of the present embodiment. In the same figure, components identical to components shown in Fig. 78 are indicated 
55 by like reference numbers, and the description will omit them appropriately. The three-dimensional image display has a 
directive deflection light-emitting panel 330, a PBS 31 1, an LCD 312 and a lenticular plate 313. For example, the direc- 
tive deflection light-emitting panel 330 has a plurality of very small rotary members 332 each of which is provided such 
that it can rotate about a rotational axis 331 and a plurality of directive light-emitting bodies 333 disposed on a surface 
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of each of the rotary members 332, as shown in Fig. 83. Fig. 83 is a diagonal bird's-eye view of the directive deflection 
light-emitting panel 330 in a diagonal direction. The rotary members 332 rotate in the same direction in synchronism 
with each other at the same rotational speed. For example, the directive light-emitting bodies 333 are constituted by 
light-emitting diodes (LED), semiconductor lasers orthe like having high directivity. A single directive light-emitting body 

s 333 is constituted by three light-emitting bodies for lights in colors R, G and B. The directive deflection Light-emitting 
panel 330 corresponds to the "light source capable of changing the projecting direction of light in accordance with time- 
dependent changes of a two-dimensional image formed by the two-dimensional image forming means". 
[0288] In the three-dimensional image display having such a configuration, the projecting direction of light from the 
directive deflection light-emitting panel 330 changes as time passes, and the direction of incidence of light incident upon 

to the LCD 312 is thus deflected. Accordingly, the projecting direction of an image which is formed by the LCD 312 and 
which exits the lenticular plate 313 also changes. 

[0289] The three-dimensional image display of this modification is advantageous in that the display can be com- 
pactly configured because the light source itself also serves as deflecting means. 

[0290] Display can be presented without the PBS and LCD by employing a configuration in which the directive light- 
15 emitting bodies shown in Fig. 83 are used as independent pixels and in which those pixels are independently subjected 
to time modulation. This is because the pixels which are directive light-emitting bodies are directly driven to eliminate 
the need for wave detection (light detection) by the PBS. This configuration is especially suitable for screens in large 
sizes on the order of several meters by several meters. In this case, such a configuration may be extended to cover not 
only the front side of the deflecting plate (deflecting directions from 0 deg. to 180 deg.) but also the rear side thereof 
20 (deflecting directions from 180 deg. to 360 deg.) to project an image in all directions (from 0 deg. to 360 deg.), which 
makes it possible to create images which do not rely upon flat surfaces. 

[0291] While the present invention has been described above with reference to several embodiments thereof, the 
invention is not limited to those embodiments and may be modified in various ways. For example, beam deflecting scan 
is performed only in the lateral direction (horizontal direction) in the fifth through tenth embodiments and the modifica- 

25 tions thereof. This is not limiting the invention, and beam deflecting scan may be performed not only in the lateral direc- 
tion but also in the vertical direction to allow three-dimensional display also in the vertical direction. In this case, a viewer 
can view not only the lateral surfaces of an object but also the top and bottom surfaces thereof by moving the view 
points to the left and right and up and down, which makes it to display a quite realistic stereoscopic image. 
[0292] While a hologram is used to form the deflecting plate 226 and the like in the sixth through eighth embodi- 

30 ments, this is not limiting the invention and, for example, a deflecting plate 226' formed using a linear Fresnel lens in the 
form of a brazed prism as shown in Fig. 84 may be used. Fig. 84 shows a horizontal section of the deflecting plate 226'. 
The deflecting plate 226' is a band-shaped Fresnel lens whose horizontal section has the same configuration wherever 
it is taken, and it is formed by repetitive deflecting regions Hr having the same configuration upon which light for 60 pix- 
els will impinge. Beams of light incident upon the pixels are refracted (deflected) in respective different directions (angu- 

35 lar directions 61 through 660) before they exit. 

[0293] The numbers of pixels of the LCDs used in the above embodiments are merely examples and may be appro- 
priately changed. For example, while the number of pixels of the LCD 203 in the horizontal direction in the fifth embod- 
iment is 600, it may be a different number. For example, the number of the deflecting cells HC(r,i) included in one 
deflecting region Hr. i.e., the number of directions in which deflection can occur in one deflecting region Hr is not limited 

40 to 60, and it may be a different number. The angular interval between the deflecting directions is not limited to 1 deg., 
and it may be a different value. 

[0294] Liquid crystal display elements which are passive elements that require back-light or illuminating light as 
booster light are used in the above embodiments. This is not limiting the invention, and active display elements which 
can display an image by emitting light by themselves, e.g.. PD (plasma display) elements and EL (electro-lumines- 
45 cence) elements and, further, FED (field emission display) elements and the like may be used except in cases where 
the projecting optical system is formed using a reflection type liquid crystal (the cases shown in Figs. 77, 78, 80, 81 and 
82). An FED is an element in which a multiplicity of microscopic electron sources are arranged as cathodes in the form 
of an array; a high voltage is applied to the cathodes to extract electrons from the cathodes; and the electrons are 
caused to collide with a fluorescent body applied to anodes to cause emission. 

50 

[Eleventh Embodiment] 

[0295] A three-dimensional image display according to an eleventh embodiment of the invention will now be 
described. 

55 [0296] Fig. 85 shows a schematic configuration of the three-dimensional image display according to the present 
embodiment. The three-dimensional image display has a cylindrical deflecting screen 401 and a projecting portion 402 
provided in the middle of the deflecting screen 401 . As will be described in detail later, an inner circumferential surface 
of the deflecting screen 401 is a reflecting surface which reflects light in different directions in accordance with positions 
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of incidence of the light. Unlike the eighth embodiment, the deflecting screen 401 is fixed. The inner circumferential sur- 
face of the deflecting screen 401 is virtually divided at equal intervals in the circumferential direction into six regions. 
For example, the projecting portion 402 is secured to a bottom portion 404 with a post 403. 

[0297] The projecting portion 402 emits six laser beams toward the six regions of the deflecting screen 401 and 
5 shifts the laser beams in the circumferential direction of the deflecting screen 401 (hereinafter referred to as "main scan- 
ning direction"') and in the vertical direction of the deflecting screen 401 (hereinafter referred to as "sub scanning direc- 
tion") to scan those regions with the laser beams. More specifically, for example, a laser beam moves from the left end 
to the right end of one region of the deflecting screen 401. In the same period, the laser beam slightly moves also down- 
ward. Therefore, the locus of the laser beam is at a slight angle to the horizontal direction. When the laser beam 
70 reaches the right end of the region of the deflecting screen 401, it returns to the left end and then moves to the right end 
again. 

[0298] In the three-dimensional image display of the present embodiment, a three-dimensional image is formed 
inside the deflecting screen 401 . A viewer G4 can view the three-dimensional image by standing inside the deflecting 
screen 401. 

w [0299] Fig. 86 is a perspective view of a part of the projecting portion 402. The deflecting portion 402 has a polygon 
mirror 41 1 . The polygon mirror 411 has a rotary body in the form of a hexagonal column and a motor which is not shown 
to rotate the rotary body. A reflecting surface is formed on the six lateral surfaces of the rotary body. 
[0300] The projecting portion 402 further has a light source portion 41 2 which emits laser beams toward the reflect- 
ing surfaces of the polygon mirror 411, a beam splitter 41 3 provided between the light source portion 412 and the pol- 

20 ygon mirror 411, and a photo-detector 414 provided on one side of the beam splitter 41 3. 

[0301] Although not shown, the light source portion 412 has three semiconductor laser devices (hereafter referred 
to as "LD) for emitting laser beams in red, green and blue and an optical system for synthesizing the beams emitted by 
the LDs into emission in one direction. The light emitted by the light source portion 412 passes through the beamsplitter 
413 and is reflected by one reflecting surface of the polygon mirror 41 1 . 

25 [0302] The projecting portion 402 further has a galvano mirror 415 provided in the traveling direction of the light 
reflected by the polygon mirror 411. The galvano mirror 415 has a plate-shaped mirror and a driving portion which is 
not shown for driving the mirror for reciprocal rotation about an axis along the surface of the mirror. - 
[0303] The light emitted by the light source portion 41 2 and reflected by the polygon mirror 41 1 and galvano mirror 
41 5 is further reflected by a mirror which is not shown to be projected toward one region of the deflecting screen 401 . 

30 This light is shifted by the polygon mirror 41 1 in a main scanning direction 41 6 and shifted by the galvano mirror 41 5 in 
a sub scanning direction 417. 

[0304] The light projected upon the deflecting screen 401 and returned to the projecting portion 402 by being 
reflected by the deflecting screen 401 is reflected by the galvano mirror 415 and polygon mirror 411 in that order, 
reflected by the beam splitter 41 3 to impinge upon the photo-detector 41 4 and detected by the photo-detector 414. 
35 [0305] The three-dimensional image display according to the present embodiment has six sets of the light source 
portions 412, beam splitters 41 3, photo-detectors 41 4 and galvano mirrors 415 shown in Fig. 86. Beams of light emitted 
by the light source portions 41 2 of those sets respectively impinge upon different surfaces of the polygon mirror 41 1 to 
be reflected. They are reflected by the different galvano mirrors 415 to be projected upon the six regions of the deflect- 
ing screen 401 . 

40 [0306] A configuration of the inner circumferential surface of the deflecting screen 401 will now be described with 
reference to Fig. 87. Clock regions 421 and address servo regions 422 are provided on the inner circumferential surface 
of the deflecting screen 401 at predetermined intervals in the circumferential direction. Deflecting regions 423 are pro- 
vided in parts of the inner circumferential, surface of the deflecting screen 401 other than the clock regions 421 and 
servo regions 422. 

45 [0307] Synchronization information for synchronized control of the display as a whole is recorded in the clock 
regions 421 . Specifically, the clock regions 421 are formed with, for example, a pattern in which reflecting portions 424 
and non-reflecting portions 425 having predetermined widths are alternately provided in the main scanning direction 
(the circumferential direction of the deflecting screen 401). Such patterns are provided in the same quantity as the 
number of scan lines in the sub scanning direction (the vertical direction of the deflecting screen 401). The non-reflect- 

50 ing portions 425 are required to have a small reflectivity such that the quantity of light reflected by the reflecting portions 
424 can be distinguished from the quantity of light reflected by the non-reflecting portions 425. While Fig. 87 shows the 
reflecting portions 424 as having an elliptic configuration, the reflecting portions 424 may be formed like bands extend- 
ing in the sub scanning direction. 

[0308] Position information used for controlling the position of incidence of light upon the deflecting screen 401 is 
55 recorded in the address servo regions 422. Specifically, for example, a 16-bit address representing a position on the 
deflecting screen 401 is recorded in an address servo region 422. The address servo region 422 has four areas in each 
of which four bits of the 1 6-bit address are recorded and one area in which parity data are recorded. As illustrated, for 
example, hexadecimal data (0 through F) determined by the pattern of the arrangement of reflecting portions 426 and 
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non-reflecting portions 427 are recorded in such regions. The non-reflecting portions 427 are required to have a small 
reflectivity such that the quantity of light reflected by the reflecting portions 426 can be distinguished from the quantity 
of light reflected by the non-reflecting portions 427. 

[0309] The reflecting portions 426 of the address servo regions 422 have a configuration like an arc that protrudes 

s toward the front surface when viewed sideways. Therefore, when light from the projecting portion 402 impinges upon 
the center in the vertical direction of a reflecting portion 426, the light is reflected in the direction opposite to the direc- 
tion of incidence. When the light impinges upon a position of the reflecting portion 426 which deviates from the center 
in the vertical direction, the light is reflected in a direction at an angle to the direction opposite to the direction of inci- 
dence. This angle is positively or negatively polarized depending on the direction, i.e., the upward or downward direc- 

70 tion, in which the position of incidence of the light deviates from the center in the vertical direction. The absolute value 
of this angle becomes greater, the greater the upward or downward deviation from the center. Therefore, servo informa- 
tion for positioning the position of incidence of light on the center of the reflecting portion 426 in the vertical direction 
can be generated by detecting a signal that is in accordance with the position of return light with the photo-detector 414 
of the projecting portion 402. For example, a photo-detector having a double light-receiving area may be used as the 

15 photo-detector 414 for detecting the signal in accordance with the position of return light. 

[0310] Light projected upon the inner circumferential surface of the deflecting screen 401 moves across the clock 
regions 421, address servo regions 422 and deflecting regions 423. However, the light will be at a slight angle to the 
horizontal direction as described above. As a result, a plurality of patterns representing addresses associated with the 
same scan line located in the plurality of discretely provided address servo regions 422 are in positions which are 

20 shifted in the vertical direction in accordance with the locus of the light. 

[0311] A configuration of the deflecting regions 423 will now be described with reference to Fig. 88. Fig. 88 is an 
enlarged perspective view of a part of a deflecting region 423. Reflecting portions 428 in the form of vertically elongate 
bands and non-reflecting portions 429 in the form of vertically elongate bands are alternately provided in the deflecting 
region 423. The pitch of the reflecting portions 428 corresponds to the pitch of horizontal pixels of a two-dimensional 

25 image projected upon the deflecting screen 401 . Preferably, the reflectivity of the non-reflecting portions 429 is kept as 
small as possible. The surface of the reflecting portions 428 is a cylindrical surface that is a part of a cylinder whose 
central axis extends in the vertical direction. - 

[0312] Fig. 89 is an enlarged perspective view of a part of a reflecting portion 428. Light from the projecting portion 
402 perpendicularly impinges upon a virtual plane which is tangent to the center of the reflecting portion 428 in the lat- 

30 eral direction thereof. Therefore, the light from the projecting portion 402 is reflected in the direction opposite to the 
direction of incidence when it impinges upon the center of the reflecting portion 428 in the lateral direction thereof, and 
it is reflected in a direction at an angle 2 x 6a to the direction opposite to the direction of incidence when it impinges 
upon a position whose normal direction is at a deviation of 9a from that of the center of the reflecting portion 428 in the 
lateral direction thereof. For example, as shown in Fig. 89, light incident upon a position whose normal direction is 30 

35 deg. apart from the center of the reflecting portion 428 in the lateral direction thereof is reflected in a direction at an 
angle of 60 deg. to the direction opposite to the direction of incidence. When the light from the projecting portion 402 
moves across the reflecting portion 428 having such a configuration, reflected light from the reflecting portion 428 is 
deflected such that its direction is sequentially changed. 

[0313] As shown in Fig. 89, convex portions which are in the form of arcs protruding toward the front surface when 

40 viewed sideways are periodically formed in the vertical direction on the surface of the reflecting portion 428. As a result, 
light incident upon the reflecting portion 428 is diffused at a predetermined angle in the vertical direction. 
[0314] In the present embodiment, light projected upon the deflecting regions 423 of the deflecting screen 401 is 
modulated to project a plurality of two-dimensional images in different directions, thereby forming a three-dimensional 
image. For example, let us assume that one three-dimensional still image is formed by 60 two-dimensional still images 

45 projected in angular directions 61 through 660. In this case, when light from the projecting portion 402 passes through 
one of the reflecting portions 428 of the deflecting region 423, the intensity of the light is controlled based on information 
of one pixel of the two-dimensional images associated with the angular directions 61 through 660 in accordance with 
the timing of projection of the reflected light in the angular directions 61 through 660. Therefore, when one cycle of scan 
of the light from the projecting portion 402 is completed, 60 two-dimensional still images are projected in the 60 angular 

so directions 61 through 660 and, as a result, one three-dimensional still image is formed. 

[0315] For example, let us assume that the number of pixels of a two-dimensional image is 640 (horizontal pixels) 
x 480 (vertical pixels); halftones are represented by data having ten bits; and 60 three-dimensional still images are 
formed per second to display a three-dimensional dynamic image. Then, the frequency of modulation applied to light 
projected upon the deflecting screen 401 must be equal to or greater than a value which is given by the following equa- 

55 tion: 

640 (pixels) x 480 (pixels) x 60 (angular directions) x 10 (bits) x 60 = 1 1 GHz. 
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[0316] This frequency is a frequency which can be modulated by a semiconductor laser. The modulation frequency 
may be decreased by performing thinned display utilizing means such as spatial interlace. 

[0317] Fig. 90 shows another example of the configuration of the deflecting regions 423. In this example, the 
deflecting region 423 has a plurality of reflecting portions 430 which are regularly arranged in the main scanning direc- 

5 tion and sub scanning direction. The surface of the reflecting portions 430 is formed like a spherical surface protruding 
toward the front surface. The area of the deflecting region 423 except the reflecting portions 430 is a non-reflecting por- 
tion 431 . The positions of the reflecting portions 430 correspond to the positions of pixels of a two-dimensional image 
projected upon the deflecting screen 401. The deflecting regions 423 having the configuration shown in Fig. 90 also 
make it possible to deflect reflected light and to diffuse the same in the vertical direction. 

to [0318] A circuit configuration of the three-dimensional image display according to the present embodiment will now 
be described with reference to the block diagram in Fig. 93. The three-dimensional image display according to the 
present embodiment has: a video data processing circuit 441 to which video data of two-dimensional images associ- 
ated with the angular directions 91 through 960 are input and which performs processes such as rearrangement of data 
to sequentially output the data associated with the angular directions 91 through 960 for each pixel; and an LD driving 

15 circuit 442 which drives the LDs of the light source portion 41 2 based on the data output by the video data processing 
circuit 441 such that the light emitted by the light source portion 412 is modulated. 

[0319] The three-dimensional image display further has: a signal detection circuit 443 to which the signal output by 
the photo-detector 414 is input and which detects and outputs a position deviation signal representing a deviation 
between a signal associated with the total amount of received light and the position illuminated with the light; and a posi- 

20 tion information/clock detection circuit 444 which detects position information and an external clock based on the signal 
output by the signal detection circuit 443. The position information includes address information and servo information. 
[0320] The three-dimensional image display further has an automatic gain control (hereinafter referred to as 
"AGC") circuit 449 to which the signal associated with the total amount of received light output by the signal detection 
circuit 443 is input. The AGC circuit 449 samples the optical intensity of return light and controls the LD driving circuit 

25 442 to keep the quantity of the light emitted by the light source portion 412 constant based on the sampled optical inten- 
sity. 

[0321] The three-dimensional image display further has a polygon mirror driving circuit 446 which drives the poly- 
gon mirror 41 1, a galvano mirror driving circuit 447 which drives the galvano mirror 41 5, and a system clock generation 
circuit 445. The system clock generation circuit 445 has a phase-locked loop (hereinafter referred to as "PLL") circuit 
30 and generates and outputs a system clock in synchronism with the external clock detected by the position informa- 
tion/clock detection circuit 444 using the PLL circuit. The video data processing circuit 441 , polygon mirror driving circuit 
446, galvano mirror driving circuit 447 and AGC circuit 449 operate based on the system clock generated by the system 
clock generation circuit 445. 

[0322] The three-dimensional image display further has a control portion 448 which controls the video data 
35 processing circuit 441 , polygon mirror driving circuit 446 and galvano mirror driving circuit 447. The position information 
or address information and servo information detected by the position information/clock detection circuit 444 is input to 
the control portion 448. The control portion 448 recognizes the position on the deflecting screen 401 illuminated with 
light based on the address information and controls the video data processing circuit 441 , polygon mirror driving circuit 
446 and galvano mirror driving circuit 447 such that a desired position is illuminated with light carrying desired informa- 
40 tion. Further, the control portion 448 controls the polygon mirror driving circuit 446 and galvano mirror driving circuit 447 
based on the servo information to correct any deviation of the position on the deflecting screen 401 illuminated with 
light. 

[0323] A description will now be made with reference to Figs. 92 and 93 on the relationship between the range of 
angles in which light is deflected by the reflecting portions 428 in the reflecting regions 423 of the deflecting screen 401 

45 and a region in which a three-dimensional image is formed. In Fig. 92, a reference number 451 represents a region in 
which a three-dimensional image is formed when light is deflected by the reflecting portions 428 in the deflecting 
regions 423 of the deflecting screen 401 in an anglar range of 60 deg. In Fig. 93, a reference number 452 represents a 
region in which a three-dimensional image is formed when light is deflected by the reflecting portions 428 in the deflect- 
ing regions 423 of the deflecting screen 401 in an angular range of 30 deg. The regions 451 and 452 are regions in 

50 which deflecting ranges in a plurality of positions of the deflecting screen 401 overlap each other. 

[0324] As apparent from Figs. 92 and 93, a three-dimensional image is formed in a greater region, the greater the 
angular range in which light is deflected by the reflecting portions 428 in the deflecting regions 423 of the deflecting 
screen 401. 

[0325] Fig. 94 shows a modification of the three-dimensional image display according to the present embodiment. 
55 In this modification, a dome-shaped deflecting screen 461 is provided instead of the cylindrical deflecting screen 401 
shown in Fig. 85. In this example, a platform 462 which can be elevated is provided below the center of the deflecting 
screen 461 . A viewing room 463 to accommodate viewers is provided on the platform 462. A projecting portion 402 is 
provided above the viewing room 463. The scan range of the projecting portion 402 in the vertical direction is, for exam- 
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pie, an angular range of 60 deg. about the horizontal direction. 

[0326] The configuration of the deflecting screen 461 is basically similar to that of the deflecting screen 401. In this 
example, however, the center of the reflecting direction of light and the diffusing range of the light in the vertical direction 
are varied depending on the position of the light on the deflecting screen 461 in the vertical, direction. The center of the 

s reflecting direction of light in the vertical direction is the direction from each position on the deflecting screen 461 toward 
the center of the viewing room 463. The diffusing range of light is a range which covers the viewing room 463. Specifi- 
cally, for example, the diffusing range at the upper end of the scan range of the projecting portion 402 is 1 5 deg.; and 
the diffusing range in the middle in the vertical direction of the scan range is 13 deg.; and the diffusing range at the lower 
end of the scan range is 1 1 deg. , as illustrated. 

to [0327] The operation of the three-dimensional image display according to the present embodiment will now be 
described. As shown in Fig. 86, the light source portion 412 of the projecting portion 402 emits light which has been 
modulated based on information on 60 two-dimensional images in different projecting directions. The light is reflected 
by the polygon mirror 41 1 and galvano mirror 41 5 to be projected upon the deflecting screen 401. The light is shifted in 
the main scanning direction 41 6 by the polygon mirror 41 1 and is shifted in the sub scanning direction by the galvano 

is mirror 415. 

[0328] The light projected upon the deflecting regions 423 of the deflecting screen 401 is reflected in different direc- 
tions in accordance with positions of incidence upon the reflecting portions 428. When one cycle of scan with the light 
from the projecting portion 402 is completed, 60 two-dimensional still images are projected in 60 angular directions, i.e., 
angular directions 61 through 660 to form one three-dimensional still image. 
20 [0329] When the light projected upon the deflecting screen 401 passes through the clock regions 421 of the deflect- 
ing screen 401, light reflected by the reflecting portions 424 returns to the projecting portion 402. The return light is 
detected by the photo-detector 41 4. 

[0330] Only when the light projected upon the deflecting screen 401 impinges upon the centers of the reflecting 
portions 428 in the lateral direction thereof during passage of the light through the deflecting regions 423 of the deflect- 
25 ing screen 401 , only light reflected by the reflecting portions 428, i.e., light in the direction 930 returns to the projecting 
portion 402. The light is detected by the photo-detector 414. 

[0331 ] The position information/clock detection circuit 444 shown in Fig. 91 detects an external clock based on sig- 
nals output by the photo-detector 41 4 when the light passes through the clock regions 421 and deflecting portions 423. 
A system clock is generated by the system clock generation circuit 445 based on the external clock. The external clock 
30 is detected based on a signal associated with the total amount of received light among the signals output by the photo- 
detector 41 4. 

[0332] When the light projected upon the deflecting screen 401 passes through the address servo regions 422 of 
the deflecting screen 401, position information including address information and servo information is detected by the 
position information/clock detection circuit 444 based on signals output by the photo-detector 414. The address infor- 

35 nation is detected based on the signal associated with the total amount of received light among the signals output by 
the photo-detector 414, and the servo information is detected based on a position deviation signal representing any 
deviation of the position illuminated with light among the signals output by the photo-detector 414. 
[0333] The control portion 448 shown in Fig. 91 recognizes the position on the deflecting screen 401 illuminated 
with light based on the address information, and controls the video data processing circuit 441 , polygon mirror driving 

40 circuit 446 and galvano mirror driving circuit 447 such that a desired position is illuminated with light carrying desired 
information. The control portion 448 controls the polygon mirror driving circuit 446 and galvano mirror driving circuit 447 
based on the servo information to correct the deviation of the position of the deflecting screen 401 illuminated with light. 
[0334] As described above, the three-dimensional image display according to the present embodiment can be 
implemented with simple facility because there is no need for moving the deflecting screen 401 unlike the eighth 

45 embodiment. 

[0335] In the present embodiment, since the address servo regions 422 are provided on the deflecting screen 401 , 
a position illuminated with light can be accurately controlled, which makes it possible to form a three-dimensional image 
accurately. 

[0336] In the present embodiment, synchronized control of the display as a whole is possible because the clock 

so regions 421 are provided on the deflecting screen 401 . 

[0337] In the present embodiment, the AGC circuit 449 samples the optical intensity of return light, and the LD driv- 
ing circuit 442 is controlled to keep the quantity of light emitted by the light source portion 412 constant based on the 
sampled optical intensity. Therefore, according to the present embodiment, it is possible to correct variations of the 
reflectivity of the deflecting screen 401 , fluctuations of the output of the LDs of the light source portion 41 2 attributable 

55 to temperature, and fluctuations of the output of the LDs of the light source portion and changes in the reflectivity of the 
deflecting screen 401 attributable to aging, and is thereby possible to always present pictures with consistent quality to 
viewers. 

[0338] The configuration, operation and effects of the present embodiment are otherwise similar to those of the 
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eighth embodiment. 

[0339] The eighth embodiment may be modified by providing the clock regions 421 and address servo regions 422 
on the deflecting film 246 shown in Fig. 69 or the deflecting screen 256 shown in Fig. 73 and by providing means for 
detecting return light similar to that in the present embodiment. Further, in the eighth embodiment, return light from the 
5 deflecting film 246 or deflecting screen 256 in the direction 630 may be detected to detect an external clock as in the 
present embodiment. Those arrangements make it possible for the eighth embodiment to achieve the same effects as 
those in the present embodiment. 

[Twelfth Embodiment] 

[0340] A three-dimensional image display according to a twelfth embodiment of the invention will now be described. 
[0341] Fig. 95 shows a schematic configuration of the three-dimensional image display according to the present 
embodiment. The three-dimensional image display has an LCD panel 561 which is similar to the LCD panel 61 in Fig. 
21 . The LCD panel 561 includes a plurality of LCDs 560 similar to the LCDs 60 in Fig. 21 . The present embodiment is 
15 unlike the second embodiment in that neither diffusing plate nor light source portion is provided behind the LCD panel 
561. 

[0342] The three-dimensional image display further has a point light source array 563 provided in a position corre- 
sponding to that of the three-dimensional display screen 63 in Fig. 21 . A plurality of directive point light source elements 
562 are provided at the point light source array 563 in positions corresponding to those of the pinhole elements 62 in 
20 Fig. 21 . The directive point light source elements 562 emit directional light such that the respective LCDs 560 are illu- 
minated with light which is diffused from one point. The point light source array 563 is also adapted to allow any of the 
directive point light source elements 562 to be selectively caused to emit light. For example, light luminance LEDs may 
be used as the directive point light source elements 562. 

[0343] The operation of the three-dimensional image display according to the present embodiment will now be 
25 described. The operation of the LCD panel 561 is similar to that of the LCD panel 61 in Fig. 21 . In the present embod- 
iment, at the timing of the formation of a two-dimensional image at each of the LCDs 560 of the LCD panel 561 , the 
directive point light source element 562 associated with the LCD 560 is selectively caused to emit light. The light emit- 
ted by the directive point light source element 562 is spatially modulated when it passes through the respective LCDs 
560 and is projected in a space. A three-dimensional image is formed by the light which has passed through each of 
30 the LCDs 560 on the side of the LCD panel 561 opposite to the point light source array 563. A viewer Q can view this 
three-dimensional image on the side of the LCD panel 561 opposite to the point light source array 563. 
[0344] According to the present embodiment, light emitted by the light source can be utilized more effectively than 
in the second embodiment, which makes it possible to display a brighter three-dimensional image. 
[0345] According to the present embodiment, three-dimensional display can be achieved with the relatively simple 
35 configuration having the LCD panel 561 including the plurality of LCDs 560 and the point light source array 563 includ- 
ing the plurality of directive point light source elements 562. 

[0346] The configuration, operation and effects of the present embodiment are otherwise similar to those of the 
second embodiment. 

40 [Thirteenth Embodiment] 

[0347] A three-dimensional image display according to a thirteenth embodiment of the invention will now be 
described. 

[0348] Fig. 96 shows a schematic configuration of the three-dimensional image display according to the present 
45 embodiment. The three-dimensional image display has a large picture LCD panel 580 similar to the large picture LCD 
panel 80 in Fig. 30. The present embodiment is unlike the fourth embodiment in that neither diffusing plate nor light 
source portion is provided behind the large picture LCD panel 580. No microlens is provided on an end face of the large 
picture LCD panel 580. 

[0349] The three-dimensional image display further has a directive point light source assembly panel 581 provided 
50 in a position corresponding to that of the pinhole LCD assembly panel 81 in Fig. 30. The directive point light source 
assembly panel 581 has a plurality of directive point light source portions 571 provided in positions corresponding to 
those of the pinhole pixels PX in Fig. 30. The directive point light source portions 571 emit directional light such that 
partial image display regions SP are illuminated with light which is diffused from one point. The point light source 
assembly panel 581 is also adapted to allow any of the directive point light source portions 571 to be selectively caused 
55 to emit light. Referring to the directive point light source assembly panel 581 , for example, it is possible to use a part in 
which high luminance LEDs are used as the directive point light source portions 571 , a plasma display or a liquid crys- 
tal panel which has a back-light. 

[0350] The operation of the three-dimensional image display according to the present embodiment will now be 
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described. The operation of the large picture LCD panel 580 is similar to that of the large picture LCD panel 80 in Fig. 
30. In the present embodiment, at the timing of the formation of partial still images at a plurality of the partial image dis- 
play regions SP of the large picture LCD panel 580, the directive point light source portions 571 associated with the par- 
tial image display regions SP are selectively caused to emit light. The light emitted by the directive point light source 

5 portions 571 is spatially modulated when it passes through the respective partial image display regions SP and is pro- 
jected in a space. Three-dimensional images are formed by the light which has passed through the partial image dis- 
play regions SP on the side of the large picture LCD panel 580 opposite to the directive point light source assembly 
panel 581 . A viewer Q can view the three-dimensional images on the side of the large picture LCD panel 580 opposite 
to the directive point light source assembly panel 581 . 

to [0351 ] According to the present embodiment, light emitted by the light source can be utilized more effectively than 
in the fourth embodiment, which makes it possible to display a brighter three-dimensional image. 
[0352] According to the present embodiment, three-dimensional display can be achieved with the relatively simple 
configuration having the large picture LCD panel 580 and the directive point light source assembly panel 581 . 
[0353] The configuration, operation and effects of the present embodiment are otherwise similar to those of the 

15 fourth embodiment. 

[0354] As described above, in the three-dimensional image display according to the first aspect of the invention, a 
three-dimensional image is formed in a space based on a two-dimensional image formed by driving a plurality of pixels 
of the two-dimensional image forming means. This is advantageous in that the contents of the two-dimensional image 
formed by the two-dimensional image forming means can be easily changed and, therefore, the contents of the three- 

20 dimensional image formed in the space can be also changed easily. Therefore, there is an advantage in that a dynamic 
image can be also stereoscopically displayed by changing the contents in a shorter time. An advantage also arises in 
that stereoscopic display in a true sense can be achieved without any need for dedicated eyeglasses or coherent light. 
[0355] Especially, in the three-dimensional image display in the first or second mode according to the first aspect 
of the invention, there is provided the plurality of two-dimensional image forming elements capable of forming a two- 

25 dimensional image by driving a plurality of pixels; and the light diffusing element that is provided in a face-to-face rela- 
tionship with each of the plurality of two-dimensional image forming elements and allows light that has exited the 
respective two-dimensional image forming elements to exit to the space in a diffused state or the microscopic opening 
which allows light that has exited the respective two-dimensional image forming elements and has impinged thereupon 
to pass therethrough as it is. The display operation of the two-dimensional image forming elements is controlled such 

30 that the light which has exited the light diffusing elements or the microscopic openings forms a multiplicity of point light 
source images that form a three-dimensional image to be displayed in the space. This is advantageous in that three- 
dimensional display can be achieved with the relatively simple configuration which is a combination of the two-dimen- 
sional image forming elements and the light diffusing elements or microscopic openings. 

[0356] In the three-dimensional image display in the third mode according to the first aspect of the invention, there 
35 is provided the two-dimensional image forming panel capable of forming a two-dimensional image by driving pixels; and 
an optically opening/closing cell array formed by arranging a plurality of optically opening/closing cells, the optically 
opening/closing cell array being provided in a face-to-face relationship with the two dimensional image forming panel 
and allowing light which has exited the pixels of the two-dimensional image forming panel to pass through as it is or 
blocking the same. The scan of the optically opening/closing cell array is controlled such that the optically opening/clos- 
40 ing cells sequentially enter an open state. Control is performed such that the image forming range of the two-dimen- 
sional image forming panel is sequentially shifted in synchronism with the scan. The light which has exited pixels in the 
sequentially shifted image forming range and has entered optically opening/closing cells in the open state of the opti- 
cally opening/closing cell array forms a multiplicity of point light source images that form a three-dimensional image to 
be displayed in the space. Therefore, the optically opening/closing cells functioning as pinholes can be provided close 
45 to each other. This is advantageous in that the displayed three-dimensional image has an improved angular resolution 
and improved image quality. 

[0357] In the three-dimensional image display in the third mode, the plurality of basic units having the two-dimen- 
sional, image forming panel and the optically opening/closing cell array are arranged. The optically opening/closing cell 
arrays of the plurality of basic units are scanned in parallel to perform control such that optically opening/closing cells 

so in positions associated with each other enter the open state in synchronism with each other. Control is performed such 
that the image forming ranges of the two-dimensional image forming panels of the plurality of basic units are shifted in 
parallel (simultaneously) in synchronism with the parallel scan of the plurality of optically opening/closing cell arrays. As 
a result, light which has exited the pixels in the image forming ranges passes through the optically opening/closing cells 
in the open state of the respective optically opening/closing cell arrays to form a multiplicity of point light source images 

55 that form a three-dimensional image to be displayed in the space. 

This is advantageous in that a three-dimensional dynamic image with quality which is good enough from any of view- 
points of the resolution of the displayed image, angular resolution, naturalness of the dynamic image and the like. 
[0358] In the three-dimensional image display in the fourth mode according to the first aspect, the projecting direc- 
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tion of a two-dimensional image changing with time formed by the two-dimensional image forming means is deflected 
such that the projecting direction changes in accordance with the time-dependent changes of the two-dimensional 
image. This is advantageous in that a three-dimensional image is synthesized in the space as a result of an after-image 
effect in the eyes of a viewer who views the two-dimensional image projected in various directions every moment, and 

5 the viewer can therefore view the seine as a stereoscopic image. 

[0359] Especially, when the deflecting means is formed using a transmission direction variable type liquid crystal 
element in which liquid crystal molecules are aligned in the direction of an electric field to achieve a function of allowing 
light to be transmitted only in the direction of the electric field, an advantage is provided in that deflection control and 
maintenance can be simplified because no mechanically movable mechanism is included. 

to [0360] In the three-dimensional image display in the fourth mode, when the three-dimensional image forming 
means is further equipped with the diffusing means for diffusing the projecting direction of a two-dimensional image in 
a direction which is different from the direction of deflection by the deflecting means, an advantage is provided in that a 
viewer can view a three-dimensional image even when he or she moves the view point to a direction different from the 
direction of deflection by the deflecting means. 

w [0361] In the three-dimensional image display in the fourth mode, when the image formation control means controls 
the image forming operation such that the magnification of a two-dimensional image in the deflecting direction thereof 
in accordance with the projecting direction of the two-dimensional image deflected by the deflecting means, an advan- 
tage is provided in that a viewer can view a three-dimensional, image having a correct aspect ratio regardless of the 
viewing direction. 

20 [0362] In the three-dimensional image display in the fourth mode, when the two-dimensional image forming means 
further includes receiving means for receiving encoded two-dimensional image data and decoding means for decoding 
the two-dimensional image data received by the receiving means, an enormous amount of two-dimensional image data 
required for three-dimensional display can be received in an encoded state. This is advantageous in that the consump- 
tion of a recording area of a recording medium for recording the image data can be reduced and in that the speed of 

25 data transmission can be substantially increased. 

[0363] In this case, especially when a set of two-dimensional still image data in different points in time are com- 
pressed and encoded as a dynamic image, there is an advantage in that a common technique for compressing a 
dynamic image can be used. 

[0364] In the three-dimensional image display in the fourth mode, when the deflecting means is formed utilizing a 
30 hologram which can deflect incident light in a direction associated with the position of incidence, an advantage is 
achieved in that the deflecting means can be manufactured on a replication basis to improve the productivity on a mass 
production basis. 

[0365] In this case, especially when a film-like member on which a hologram is formed is moved in one direction 
different from the direction of incidence of light to sequentially deflect the incident light, there is an advantage in that a 

35 mechanism for moving the film-like member required for the deflecting operation can be relatively easily formed. 

[0366] In the three-dimensional image display in the fourth mode, when the deflecting means is formed using a light 
transmitting member whose thickness is locally changed in accordance with a signal voltage applied thereto to produce 
irregularities on the surface thereof, the state of deflection and conditions for deflection can be relatively easily changed 
only by changing the setting of the signal voltage. 

40 [0367] In the three-dimensional image display in the fourth mode, when tile deflecting means includes a light source 
which can change the emitting direction of light in accordance with time-dependent change of a two-dimensional image 
formed by the two-dimensional image forming means, an advantage is achieved in that the display can be compact. 
[0368] The three-dimensional image display in the fifth mode according to the first aspect of the invention is advan- 
tageous in that three-dimensional display can be achieved with a relatively simple configuration having the plurality of 

45 two-dimensional image forming elements and the plurality of point light sources. 

[0369] The three-dimensional image display in the sixth mode according to the first aspect of the invention is advan- 
tageous in that three-dimensional display can be achieved with a relatively simple configuration having the two-dimen- 
sional image forming panel and the plurality of point light sources. 

[0370] In the three-dimensional image display according to the second aspect of the invention, a plurality of two- 
50 dimensional images are formed by light which has been subjected to time modulation by the two-dimensional image 
forming means based on information on a plurality of two-dimensional images, and a three-dimensional image is 
formed by projecting the plurality of two-dimensional images formed by the two-dimensional image forming means in 
directions different from each other. This is advantageous in that the contents of the two-dimensional image formed by 
the two-dimensional image forming means can be changed easily and the contents of the three-dimensional image 
55 formed in the space can therefore be also changed easily. Therefore, an advantage arises in that a dynamic image can 
be also stereoscopically displayed by changing the contents in shorter time. There is another advantage in that stereo- 
scopic display in a true sense can be achieved without any need for dedicated eyeglasses or coherent light. 
[0371] In the three-dimensional image display according to the second aspect of the invention, when the three- 
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dimensional image forming means has the region in which position information used for controlling the positions of inci- 
dence of the light scanned by the two-dimensional image forming means is recorded, an advantage is achieved in that 
the positions of incidence of light upon the three-dimensional image forming means can be controlled to allow a three- 
dimensional image to be formed with high accuracy. 

s [0372] In the three-dimensional image display according to the second aspect of the invention, when there is further 
provided the region in which synchronization information for synchronized control of the display as a whole is recorded, 
an advantage is achieved in that synchronized control of the display as a whole can be performed. 
[0373] The three-dimensional image display according to the third aspect of the invention has: the two-dimensional 
image forming means for forming a plurality of two-dimensional images by emitting light carrying information on the plu- 

w rality of two-dimensional, images; and the three-dimensional image forming means for forming a three-dimensional 
image by projecting the light emitted by the two-dimensional image forming means in different directions in accordance 
with positions of incidence to project the plurality of two-dimensional images in directions different from each other. The 
three-dimensional image forming means has the region in which position information used for controlling the positions 
of incidence of the light emitted by the two-dimensional image forming means is recorded. This is advantageous in that 

15 the positions of incidence of light upon the three-dimensional image forming means can be controlled to form a three- 
dimensional image with high accuracy. 

[0374] In the three-dimensional image display according to the 
Claims 

1. A three-dimensional image display comprising: 

two-dimensional image forming means formed by arranging a plurality of pixels, capable of forming a two- 
dimensional image by driving each of the pixels; and 
25 three-dimensional image forming means for forming a three-dimensional image in a space based on the two- 

dimensional image formed by the two-dimensional image forming means. 

2. A three-dimensional image display according to claim 1, wherein the two-dimensional image forming means 
includes: 

30 

a plurality of two-dimensional image forming elements each of which is formed by arranging a plurality of pixels 
and is capable of forming a two-dimensional image, and wherein the three-dimensional image forming means 
includes: 

a light diffusing element provided in a face-to-face relationship with each of the plurality of two-dimensional 
35 image forming elements, the light diffusing element allowing light which has exited the respective two-dimen- 

sional image forming elements and has impinged thereupon to exit to the space in a diffused state; and 
display control means for controlling the two-dimensional image forming elements such that the light which has 
exited the light diffusing element forms a multiplicity of point light source images that form a three-dimensional 
image in the space. 

3. A three-dimensional image display according to claim 2, wherein the display control means has a function of con- 
trolling the two-dimensional image forming elements by supplying data of two-dimensional images two-dimension- 
ally representing a three-dimensional image to be displayed as a whole or in part from view points different from 
each other to the respective two-dimensional image forming elements, thereby forming the multiplicity of point light 

45 source images in the space with the light which has exited the light diffusing elements. 

4. A three-dimensional image display according to claim 2, wherein the light diffusing element is formed with a con- 
verging portion capable of converging incident light at one point and a planer exit surface located at the converging 
point defined by the converging portion. 

50 

5. A three-dimensional image display display according to claim 4, wherein an entrance surface of the converging por- 
tion of the light diffusing element includes an aspherical surface having a convex configuration on the entrance side 
thereof. 

55 6. A three-dimensional image display according to claim 4, wherein the entrance surface of the converging portion of 
the light diffusing element includes a spherical surface whose center of curvature is located at the converging point. 

7. A three-dimensional image display according to claim 4, wherein the converging portion of the light diffusing ele- 
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ment includes a Fresnel lens. 

8. A three-dimensional image display according to claim 4, wherein the converging portion of the light diffusing ele- 
ment converges light with an interference fringe formed on the entrance surface thereof. 

5 

9. A three-dimensional image display according to claim 2, wherein the light diffusing element is formed as a plate- 
like body orfilm with an interference fringe in a predetermined pattern formed thereon and is capable of converging 
incident light at one point or diverging incident light as if it were diffused from one point. 

to 10. A three-dimensional image display according to claim 1, wherein the two-dimensional image forming means 
includes: 

a plurality of two-dimensional image forming elements each of which is formed by arranging a plurality of pixels 
and is capable of forming a two-dimensional image, and wherein the three-dimensional image forming means 
15 includes: 

a microscopic opening provided in a face-to-face relationship with each of the plurality of two-dimensional 
image forming elements, the microscopic opening allowing light which has exited the respective two-dimen- 
sional image forming elements and has impinged thereupon to pass through as it is; and 
display control means for controlling the two-dimensional image forming elements such that the light which has 
20 exited the microscopic opening forms a multiplicity of point light source images that form a three-dimensional 

image in the space. 

11. A three-dimensional image display according to claim 10, wherein the display control means has a function of con- 
trolling the two-dimensional image forming elements by supplying data of two-dimensional images two-dimension- 

25 ally representing a three-dimensional image to be displayed as a whole or in part from view points different from 
each other to the respective two-dimensional image forming elements, thereby forming the multiplicity of point light 
source images in the space with the light which has exited the microscopic opening. 

12. A three-dimensional image display according to claim 1, wherein the two-dimensional image forming means 
30 includes: 

a two-dimensional image forming panel formed by arranging a plurality of pixels, capable of forming a two- 
dimensional image by driving each of the pixels, and wherein the three-dimensional image forming means 
includes: 

35 an optically opening/closing cell, array formed by arranging a plurality of optically opening/closing cells, the 

optically opening/closing cell array being provided in a face-to-face relationship with the two dimensional image 
forming panel and allowing light which has exited the pixels of the two-dimensional image forming panel and 
has impinged thereupon to pass through as it is or blocking the same; 

optically opening/closing cell control means for scanning the optically opening/closing cell array to control the 
40 optically opening/closing cells such that they sequentially enter an open state; and 

display control means for controlling the two-dimensional image forming panel such that an image forming 
range of the two-dimensional image forming panel is sequentially shifted in synchronism with the scan of the 
optically opening/closing cell array by the optically opening/closing cell control means and such that light which 
has exited pixels in the image forming range and has passed through the optically opening>closing cells in the 
45 open state of the optically opening/closing cell array forms a multiplicity of point light source images that form 

a three-dimensional image in the space. 

13. A three-dimensional image display according to claim 12, wherein the display control means has a function of con- 
trolling the two-dimensional image forming panel by supplying data of two-dimensional images two-dimensionally 

50 representing a three-dimensional image to be displayed as a whole or in part from view points different from each 
other to the respective pixels in the image forming range of the two-dimensional image forming panel, thereby form- 
ing the multiplicity of point light source images in the space with the light which has passed through the optically 
opening/closing cells in the open state. 

55 14. A three-dimensional image display according to claim 12, wherein a plurality of basic units including a pair of the 
two-dimensional image forming panel and the optically opening/closing cell array are arranged and wherein the 
optically opening/closing cell control means is provided for the optically opening/closing cell array of each of the 
basic units, the optically opening/closing cell control means controlling scan of the optically opening/closing cell 
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array such that the optically opening/closing cells of the optically opening/closing cell arrays in positions associated 
with each other enter the open state in synchronism with each other, the display control means controlling the two- 
dimensional image forming panel such that the image forming ranges of the two-dimensional image forming panels 
of the plurality of basic units are shifted in synchronism with the scan of the optically opening/closing cell array by 
s the optically opening/closing cell control means and such that light which has exited pixels in the image forming 

ranges and has passed through the optically opening/closing cells in the open state of the optically opening cell 
arrays associated with each other forms a multiplicity of point light source images that form a three-dimensional 
image in the space. 

to 15. A three-dimensional image display according to Claim 14, wherein the display control means has a function of con- 
trolling the two-dimensional image forming panel by supplying data of two-dimensional images two-dimensionally 
representing a three-dimensional image to be displayed as a whole or in part from view points different from each 
other to the respective pixels in the image forming ranges of the two-dimensional image forming panels of the plu- 
rality of basic units, thereby forming the multiplicity of point light source images in the space with the light which has 

15 passed through the optically opening/closing cells in the open state. 

16. A three-dimensional image display according to claim 1, wherein the two-dimensional image forming means 
includes image formation control means for controlling an image forming operation such that a two-dimensional 
image formed thereby changes with time, and wherein the three-dimensional image forming means includes 

20 deflecting means for deflecting the projecting direction of the two-dimensional image such that the projecting direc- 
tion of the two-dimensional image formed by the two-dimensional image forming means changes in accordance 
with time-dependent changes of the two-dimensional image. 

17. A three-dimensional image display according to claim 16, wherein the deflecting means includes a transmission 
25 direction variable type liquid crystal element in which liquid crystal molecules are aligned in the direction of an elec- 
tric field to achieve a function of allowing light to be transmitted only in the direction of the electric field. 

18. A three-dimensional image display according to claim 16, wherein the three-dimensional, image forming means 
further has diffusing means for diffusing the projecting direction of a two-dimensional image in a direction which is 

30 different from the direction of deflection by the deflecting means. 

19. A three-dimensional image display according to claim 16, wherein the image formation control means has a func- 
tion of controlling the image forming operation such that the magnification of a two-dimensional image in the 
deflecting direction thereof in accordance with tile projecting direction of the two-dimensional image deflected by 

35 the deflecting means. 

20. A three-dimensional image display according to claim 1 6, wherein the two-dimensional image forming means fur- 
ther includes: 

40 receiving means for receiving encoded two-dimensional image data; and 

decoding means for decoding the two-dimensional image data received by the receiving means. 

21. A three-dimensional image display according to claim 20, wherein the deflecting means periodically performs the 
operation of deflecting the projecting direction of a two-dimensional image, and wherein the encoded two-dimen- 

45 sional image data received by the receiving means include: 

first compressed encoded data provided in a position in timing in synchronism with the period of the deflecting 
operation of the deflecting means and obtained by compressing and encoding two-dimensional still image data 
independently; and 

50 second compressed encoded data provided in a position adjacent to the first compressed encoded data and 

constituted by differential data representing the difference from the first compressed encoded data. 

22. A three-dimensional image display according to claim 16, wherein the image formation control means can form a 
two-dimensional image in halftones by performing at least either pixel driving control on a time division basis or 

55 pixel driving control on a spatial basis. 

23. A three-dimensional image display according to claim 16, wherein the deflecting means deflects the projecting 
direction of light which is being transmitted thereby. 
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24. A three-dimensional image display according to claim 16, wherein the deflecting means deflects the projecting 
direction of incident light when it reflects the same. 

25. A three-dimensional image display according to claim 16, wherein the deflecting means is formed by arranging a 
5 plurality of rotatably disposed prisms or reflecting mirrors. 

26. A three-dimensional image display according to claim 16, wherein the deflecting means is formed utilizing a holo- 
gram which can deflect incident light in a direction associated with the position of incidence. 

to 27. A three-dimensional image display according to claim 26, wherein the deflecting means sequentially deflects inci- 
dent light by shifting the hologram in directions different from the direction of incidence of the light. 

28. A three-dimensional image display according to claim 26 or 27, wherein the deflecting means includes a plurality 
of sets of the holograms which are regularly arranged. 

15 

29. A three-dimensional image display according to claim 26, wherein the hologram is formed on a plate-like member. 

30. A three-dimensional image display according to claim 29, wherein the deflecting means sequentially deflects inci- 
dent light by reciprocating the plate-like member in a direction different from the direction of incidence of the light. 

31. A three-dimensional image display according to claim 26, wherein the hologram is formed on a film-like member. 

32. A three-dimensional image display according to claim 31 , wherein the deflecting means sequentially deflects inci- 
dent light by shifting the film-like member in one direction different from the direction of incidence of the light. 

25 

33. A three-dimensional image display according to claim 26, wherein the hologram is formed on a predetermined 
curved surface. 

34. Athree-dimensional image display according to claim 26, wherein the predetermined curved surface is a cylindrical 
30 surface. 

35. A three-dimensional image display according to claim 16, wherein the deflecting means is formed using a light 
transmitting member whose thickness is locally changed in accordance with a signal voltage applied thereto to pro- 
duce irregularities on the surface thereof. 

35 

36. A three-dimensional image display according to claim 16, wherein the deflecting means deflects the projecting 
direction of a two-dimensional image by deflecting light before it is subjected to image formation by the two-dimen- 
sional image forming means. 

40 37. Athree-dimensional, image display according to claim 36, wherein the deflecting means includes a rotary reflecting 
body or refracting body. 

38. A three-dimensional image display according to claim 36, wherein the deflecting means includes a light source 
which reciprocates and an optical system for guiding light emitted by the light source to the two-dimensional image 

45 forming means. 

39. A three-dimensional image display according to claim 36, wherein the deflecting means includes a light source 
which can change the emitting direction of light in accordance with time-dependent change of a two-dimensional 
image formed by the two-dimensional image forming means. 

50 

40. A three-dimensional image display according to claim 1, wherein the two-dimensional image forming means 
includes a plurality of two-dimensional image forming elements each of which is formed by arranging a plurality of 
pixels and is capable of forming a two-dimensional image, and wherein the three-dimensional image forming 
means includes: 



a plurality of point light sources which are respectively provided in a face-to-face relationship with the plurality 
of two-dimensional, image forming elements and which emit light having directivity such that the respective 
two-dimensional image forming elements are illuminated by light diffusing from one point; and 
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display control means for controlling the two-dimensional image forming elements and the point light sources 
such that a three-dimensional image is formed by the light which has been emitted by the point light sources 
and has passed through the two-dimensional image forming elements. 

s 41. A three-dimensional image display according to claim 40, wherein the display control means controls the two- 
dimensional image forming elements by supplying data of two-dimensional images two-dimensionally representing 
three-dimensional image to be displayed as a whole or in part from view points different from each other to the 
respective two-dimensional image forming elements. 

to 42. A three-dimensional image display according to claim 1, wherein the two-dimensional image forming means 
includes a two-dimensional image forming panel formed by arranging a plurality of pixels, capable of forming a two- 
dimensional image by driving each of the pixels, and wherein the three-dimensional image forming means includes: 

a plurality of point light sources which are provided in a face-to-face relationship with the two-dimensional 
15 image forming panel and which emit light having directivity such that respective predetermined ranges of the 

two-dimensional image forming panel are illuminated by light diffusing from one point: and 
display control means for controlling the two-dimensional image forming panel and the point light sources such 
that an image forming range of the two-dimensional image forming panel is sequentially shifted and such that 
the image forming range is illuminated by light emitted by the respective point light source to form a three- 
20 dimensional image with the light which has passed through the image forming range. 

43. A three-dimensional image display according to claim 42, wherein the display control means controls the two- 
dimensional image forming panel by supplying data of two-dimensional images two-dimensionally representing a 
three-dimensional image to be displayed as a whole or in part from view points different from each other to respec- 

25 tive pixels in the image forming range of the two-dimensional image forming panel. 

44. A three-dimensional image display comprising: 

two-dimensional image forming means for forming a plurality of two-dimensional images with light which has 
30 been subjected to time-modulation based on information on a plurality of two-dimensional images; and 

three-dimensional image forming means for forming a three-dimensional image by projecting the plurality of 
two-dimensional images formed by the two-dimensional image forming means in directions different from each 
other. 

35 45. A three-dimensional image display according to claim 44, wherein the two-dimensional image forming means forms 
the two-dimensional images by scanning modulated light. 

46. A three-dimensional image display according to claim 45, wherein the three-dimensional image forming means 
projects the plurality of two-dimensional images in directions different from each other by reflecting the light 

40 scanned by the two-dimensional image forming means in different directions in accordance with positions of inci- 
dence. 

47. A three-dimensional image display according to claim 46, wherein the three-dimensional image forming means has 
a region in which position information used for controlling the positions of incidence of the light scanned by the two- 

45 dimensional image forming means is recorded. 

48. A three-dimensional image display according to claim 46, wherein the three-dimensional image forming means has 
a region in which synchronization information for synchronized control of the display as a whole is recorded. 

50 49. A three-dimensional image display comprising: 

two-dimensional image forming means for forming a plurality of two-dimensional images by emitting light car- 
rying information on a plurality of two-dimensional images; and 

three-dimensional image forming means forforming a - three-dimensional image by projecting the light emitted 
55 by the two-dimensional image forming means in different directions in accordance with positions of incidence 

to project the plurality of two-dimensional images in directions different from each other, wherein the three- 
dimensional image forming means has a region in which position information used for controlling the positions 
of incidence of tile light emitted by the two-dimensional image forming means is recorded. 
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50. A three-dimensional image display according to claim 49, wherein the three-dimensional image forming means fur- 
ther has a region in which synchronization information for synchronized control of the display as a whole is 
recorded. 
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